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Chemistry ? 


> WE are, from time to time, pogse of including in this magazine material 
which is not strictly chemical in nature. What then is chemistry, and how 
may we distinguish between it aaa the other scientific disciplines? 


A hundred years or so ago a fairly definite answer to this question might 
have been found. The various branches of science were distinct and separate. 
Chemistry dealt with the compositions and interactions of substances and 
physics with energy and the bulk properties of matter. 


A more recent, and less serious, distinction between the physical sciences was 
that chemistry involves the performances of grossly inaccurate experiments 
with extremely pure substances, and physics the performance of extremely 
accurate experiments with grossly impure substances. Progress in instrumen- 
tation and processing over the last 30 years or more has, however, made this 
distinction invalid, except at the high school level. 


The truth is that all the sciences have expanded to such an extent in recent 
times that they all now overlap one another, and it is difficult to think of a 
problem which does not fit into more than one field. 


Even the line between physical and natural sciences has become blurred — 
how would you classify the current investigation of the structure of DNA? 
— and chemistry and physics have become, like the Democrats and Republi- 
cans, distinguishab le only at the extremes. 


It should now be clear that, since the object of CHEMISTRY is to correlate 
chemistry as it is used with chemistry as it is taught, we would be defeating 
our own purpose if we limited the contents to what might be called ‘classical 
chemistry.’ 
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CBAC 


Progress Report 









A new introductory chemistry course was described 
in the February issue of CHEMISTRY this year. Its 
main feature is the attempt to organize a course around 
the concept of the chemical bond. This experiment in 
curriculum development is being financed by grants 
from the National Science Foundation to Earlham Col- 
lege in Richmond, Indiana. The present article reports 
the results of last year’s trial with 600 students in 
nine high schools across the country, the summer in- 
stitutes for high school teachers, the revision of the 
textual material based upon last year’s experience, 
and the plans for further development. 


> By rHe END of the last academic 
year eighteen chapters of text com- 
prising 462 pages of typescript had 
been reproduced in four volumes by 
the photographic offset process. This 
was accompanied by a student labora 
tory manual containing 20 experi 
ments and a comprehensive teachers’ 
manual for the laboratory. Due to 
limitations of time and late arrival of 
the final chapters only the first 13 
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chapters were covered in the trial 
schools, but all 20 laboratory experi 
ments were tested. A collection of re 
prints from the Journal of Chemical 
Education has also been published for 
supplementary reading. 

As an aid in assessing the useful 
ness of the course in the classroom, 
Dr. F. L. Ferris, Jr. of Educational 
Testing Service worked with the 
Chemical Bonds Approach Commit 



















































tee (CBAC) in developing an exam- 
ination program. The examinations 
were designed to reveal the student’s 
ability to reason within the unique 
framework of the course. Preliminary 
analysis of the examinations indicates 
that the results are statistically reliable 
and that the students seem to be able 
to master a good share of the subject 
matter. The performance of the bulk 
of the students on the SCAT aptitude 
examination was above the 75th per- 
centile of the national norms for high 
The correlation of 
the SCAT scores with the student’s 
achievement on the first CBA exam 
ination was low and the correlation 
decreased as subsequent chemistry ex- 
aminations were given. This decrease 
in correlation with the SCAT test 
parallels the experience with the PSSC 
These low correla 
tions with aptitude tests apparently 
are real as the tests exhibit satisfactory 
statistical reliability. The reasons for 
this low correlation are receiving fur- 
ther study. 


school students. 


phy sics course. ! 


In four institutes sponsored by the 
National Science Foundation 
130 high school and teachers college 
faculty members studied the CBA text 
materials and carried out the labora- 
tory experiments. These institutes 
held at Brown University at 
Providence, R. I., Kenyon College at 
Gambier, Ohio, Reed College at Port- 
land, Oregon, and the University of 
Florida at Gainesville. 


some 


were 


Lectures were given on background 
material beyond the level of the text 
book presentation. New ideas on the 
charge cloud model of the atom as 
well as current ideas on the orbital 
model were emphasized. In the short 


1 KF. L. Ferris, Jr. The Science Teacher 
26, No. 8 Dec. 1959. 





period of six weeks (one Institute of 
7 weeks) available in the Institute 
stress had to be placed on the major 
concerns of the course such as free 
energy, organization energy, heat of 
reaction, and their interrelations rath 
er than on descriptive chemistry of 
the elements and chemistry with 
which the teachers were judged to be 
familiar. 

Another phase of chemistry unta 
miliar to many of the Institute par 
ticipants was the content of Volume 
IV, the chemistry one functional 
group, the OH group, as it occurs in 
different environments, e.g., in Na- 
OH, Si(OH)4, O2S(OH)., CoHs- 
OH, and CH.COOH. 

Daily discussions of textual mater 
ial were held with instructors who for 
the most part were involved in the 
writing group at Reed College in 
1959 and who had taught the course 
during 1959-60. 


ol 


The laboratory work as described 
in the previous CHEMISTRY paper 
(vide supra) was of sufficiently differ- 
ent character from the experiments 
usually performed in high school 
courses for the teachers to carry out a 
number of the experiments to acquaint 
them with pitfalls their students 
might encounter. Many modifications 
and extensions of experiments for fu- 
ture revision were discovered during 
the Institutes. 

Molecular for in the 
high schools for the coming year 
were constructed during the Institutes. 
These were based in large part on 
models proposed by Prof. R. T. San 


models use 


derson. 

Visiting lecturers previously con 
nected with the CBA project, H. A. 
Neidig, Frank Verhoek, L. E. Strong, 
Frederick Ferris, Seymour Zenchel 
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- of sky and G. E. Kimball gave special 
rute lectures at the Institutes. 
ajor ) Special tests prepared by Educa 
free tional Testing Service were given at 
t of | the beginning and end of the Insti 
ath tutes to assay progress. These were 
of also used to acquaint the teachers 
vith | with the type of questions considered 
o be of value for presenting the course to 
students. 
infa- | During the course of the trial year 
par the CBA Committee became increas 
ume ingly aware of the pedagogical ad 
‘onal vantages possessed by the “charge 
rs in cloud medel of atomic structure re 
Na- | cently revived by Dr. George E. Kim 
HH, ball *» *. This approach to atomic and 
-— molecular structure assumes that the 
tater. | electrons may be represented as spher 
o for | ial charge clouds of negative elec 
1 the | ticity and that their attraction for 
fe in | positive nuclei and their repulsion for 
en e oy other is governed by Coulomb's 
This simplified approach has the 
ribed | great virtue that the correct molecular 
paper | g¢° metry of many simple compounds 
liffer- | |S obtained without the need for hy 
ments bridization of atomic orbitals. The 
ar conventional orbital picture is not 
wena abandoned, but is postponed until 
yuaint | some feeling for molecular geometry 
Jents and its eflect on physical and chemical 
ations | Properties has been established by a 
or fu consideration of the consequences ol 
luring the charge-cloud model. Considerable 
~ | attention is given to “mental model” 
=" building in science and the fact that 
, year these models should be judged by 
sea their usefulness in correlating natural 
at aa phenomena. Thus, the charge cloud 
i ind orbital models are used inter 
dite changeably throughout the rest of the 
— text, the choice of the more appro 
H. A.|2 G. E. Kimball and E. M. Loebl, J 
Strong, Chem. Ed. 36, 233 (1959). 
enchel Private Communication 
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a 
priate model being dependent upon 
which one yields the more useful re 
sult in the direct manner. At 
the present time the first eight chap 
the revised text 
have been printed and revision of the 
rest of the text is continuing. 
ture ol 


more 


ters of extensively 
The na 
atter revision may 
be discerned from excerpts from the 
actual text. 


the course 


How Do We 


“If the problem of why properties 


Get the Facts? 

change is to be solved by using ideas 
about chemical bonds and structure, 
we must first devise methods of find 


Now 


molecules are very tiny things and we 


ing out what is inside molecules. 


can't get at them and look directly 
to see what atoms are there. So we 
have to find other ways of studying 
them. The methods we use are very 
much like the methods you will use 
in the laboratory in determining the 
contents of a ae box. After re 


ceiving a taped box containing an 
unknown object, you will be asked to 
note observations obtained by 


ling the box. 


hand 
these observa 
tions will provide some information 
as to the characteristics of the object. 
By combining 


Each of 


these ideas, you can 
construct a mental picture of the ob 
ject in the box. Although you are not 


able to see or to touch the object, you 


can describe it on the basis of the 
inferences made from your observa 
tions. 

“Similarly, we cannot see or touch 


an individual molecule. From obser 
vation, we can information 
the which can 
be used to construct a mental picture 


or a scientific model of the molecule. 


obtain 


concerning molecule 


“In subsequent chapters of this 
book we shall see how a chemist con 














































structs scientific models of molecules 
and what the results of 
some of these operations are. In some 


and atoms, 


cases, we shall see how the results are 
turned into answers to the questions 
chemists ask about the nature of sub 
stances. 


Related Problems in Chemistry 
“While it has been stated that the 
central concern of the chemist is to 
understand chemical change, it 
necessary to point out that there are 
other important problems 
within this main one. For example: 
(1) Why 


occur 


1s 


several 


it that 
and others do not? 


is some changes 
)W hy do some ch: inges occur so 
eis “kly that they are explosions while 


others take years? 

(3) How do temperature and pres 
sure affect chemical changes? 

“Ag 


throughout 


we consider these questions 


shall tind 
out that scientists have developed the 


this book, we 


concept ol energy to help answer 
them. When chemical changes occur 
they are always accompanied by trans 
For example, the 
changes that occur in photosynthesis 
of food in growing plants and the 
metabolism this in animals 
both accompanied by energy 
changes. When the carbon dioxide 
and water rearranged into com 


fers of energy. 


ol food 


are 


are 
plex new patterns in substances called 
in the form 
effect this 
change, called photosynth 
esis. When the complex carbohydrate 
molecules are eaten by an animal, the 


carbohydrates energy ol 


sunlight is absorbed to 


chemical 


decomposition to simpler molecules 1s 
accompanied by release of energy. In 
this called metabolism, the 
energy appears partly in the form of 
heat to keep the animal warm, partly 


process, 


in the form ot work to enable the 


animal to move, and partly in the 
form of chemical energy to aid 
the construction of various parts of 


the animal's body. 


“In the past, some plants have been 
changed into with transfer of 
energy. As coal is burned, a transfer 
of energy takes place and the sur 
roundings are heated. 


coal 


“In all chemical reactions the ex- 
change energy can be measured 
(usually heat) and expressed in 
quantitative terms. We shall see that 
in some chemical the 
change of energy is small; in others 
it is large. There is a relationship be 
tween the magnitude of the energy 
transfer and the ease with which a 
chemical change takes place. 


of 
as 


reactions eXx- 


Explanations 


“In this chapter on several occa- 
the term “explain” has 
When a chemist seeks to ex 
plain a property of a substance, he 
seeks to connect that property with 
other properties of the same substance 
and of other substances. As an exam- 
ple, a chemist wonders why a dia 
mond is hard when graphite is soft, 
or he wonders why table salt dissolves 
in water while diamonds do not. Or 
he wonders if there is any connection 
between the fact that table salt melts 
at 800°C and dissolves in water, while 
gasoline freezes at about —150°C and 
does not dissolve in water. In Chap 
ter VI we will consider ways of ex 
plaining these, and we will find, in 
that they are related. 


sions been 


used, 


deed, 

‘The explanation of the facts found 
by experiment is thus the demonstra- 
tion interconnections among 
facts. It is a curious feature of human 
experience that when we are confront 


ol 
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ed with two or more tacts, we cannot 
ordinarily see any connection between 
them by simply looking at them; 
however closely we may observe, they 
remain just isolated facts. To achieve 
interconnections among seemingly iso 
lated facts, the chemist makes use of 
imaginative ideas, called theories or 
concepts. 


For many facts in chemistry we 
have found interconnections and, 
hence, explanations. There are still 
other facts whose connections remain 
to be established. Chemistry is some 
what like a piece of cloth. Some 
threads are interconnected and form 
a pattern while other threads run off 
into loose ends. We will discuss both 
kinds of threads in this course. You 
may see how to weave some of the 
loose threads into the cloth.” 


CHEMICAL REACTIONS 


“We have already raised the ques 
tion, “How do we get the facts about 
substances and about chemical reac 
tions?” We said that in the laboratory 
a chemist makes observations and that 
the process he uses can be compared 
to the process you used in determin 
ing the contents of a sealed box. Let 
us review briefly how a chemist pro 
gresses toward a greater knowledge 
of his science. Starting with a ques 
tion raised by observations, he then 
pertorms an experiment, carefully re 
cording his observations in his labora 
tory notebook. Thinking 
observations and relating 


about these 
them to his 
concepts of the nature of atoms and 
molecules and the ways they are bond 
ed in compounds, he tries to devise 
an explanation of the 
made in the experiment. To test how 
useful his explanation (sometimes 
called an hypothesis) is, he works out 


observations 
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a new experiment, tries it and makes 
more observations. 

“Now the observations the chemist 
makes are really the answers to ques 
tions he asks about what goes on dur 
ing an experiment. He knows that if 
his hypothesis is a good one, then 
with it he will be able to predict that 
such-and-such results will be observed, 
and that if y results will be 
found, then the hypothesis is worth 
less. He will not, of course, ask the 


contrary 


same questions in all experiments. 
His selection of the questions to be 
asked will depend on the nature of 
the hypothesis to be tested and on 
his past observations about what facts 
are related to his hypothesis. He may 
know, for example, that if his hypo 
thesis is a good one, ammonia will 
be formed in a given situation. To de 
whether has in fact 
formed, he will look carefully 
for its known characteristics; in this 


cide ammonia 


beet 1 


case odor alone might be enough. 


Let us list a 


few questions which 


might be raised in other cases. 


“Are the starting materials and the 
products gases, liquids or solids? 


“What is their color? Their densi 
ty? Their hardness or softness, brit 
tleness or strength? 


“Are they soluble in water in 
benzene — in alcohol? 


“At what temperature do each of 
the starting substances and the prod 


ucts melt? and boil? 


“Does mixture 


the reaction get 
warmer or cooler as the reaction pro 
ceeds? Is light produced? Is it noisy? 

“Are there special conditions of heat 
or pressure that are necessary to make 
the reaction go? 

“How long does it take for the re 
action to take place? 





“What is the chemical composition 
of each of the substances, both start 
ing materials and products? 


‘The number of possible questions 
is unlimited, but in any given experi 
ment only a limited number of ques 
tions will relate directly to the prob 
lem. 


“Note that some of the questions 
are best put in the form, “What hap 
pens?” while others can be put in the 
“How much?” Answers to the 
first type of question are qualitative; 
those to the second type are quanti- 
tative. We can, of course, get both 
qualitative and quantitative answers 
to the same question depending on 
how we carry out the experiment. For 
example, we can take a few crystals 
of sodium chloride and put them in 
water and see that they dissolve. Qual- 
itatively, then, we can say that sodium 
chloride is soluble in water. However, 
we can weigh the amount of 
sodium chloride that will dissolve in 
a measured volume of water and find 
that the most that we can dissolve in 
water at 25°C is 36 g. per 100 ml. 
This is a quantitative answer or ob- 
servation. 


torm, 


also 


“Exercise: Is the determination of 
the melting point and the boiling 
point of a substance a qualitative or 
a quantitative measurement? 


“In the following paragraphs we 
will examine a few of the amazing 
transformations that substances un- 
dergo in various circumstances, in 
the kind question 
the beginning of this 
chapter. We will not attempt at this 
point to suggest how these transfor- 
mations can be understood; that will 
come later. We will, however, try to 
raise some of the questions for which 


order to raise 
suggested at 


6 


you may be able to find answers in 
the laboratory. The reactions will 
have some significance in that they 
involve substances and ideas with 
which chemists are presently concern 
ed. We hope they will raise questions 
in your mind for which it will seem 
to be important to seek answers.” 


STRUCTURES FROM 
ELECTRONS AND PROTONS 


“Our search for some _ properties 
common to all substances has led to 
electrons and protons. Experimental 
evidence indicates that each substance 
has its own characteristic number of 
electrons and protons. Unfortunately 
no simple relationships developed be- 
tween numbers of electrons and _pro- 
tons and observed properties. Some- 
thing more needs to be included in 
our thinking if we are going to suc- 
ceed even modestly in the attempt to 
connect the diverse properties 


pos 
sessed by different materials. 


“In considering the differences be 
tween diamonds and graphite, we 
were led to conclude that these two 
substances must differ in 
since they do not differ 
tion. We now plan to pursue the 
kinds of structures that should de 
velop when electrons and protons are 
assembled. 
ing that the nuclear atom model pro 
posed by Rutherford is the best start- 
ing point. The chemist is primarily 
concerned with the arrangement of 
electrons around the nucleus of this 
type of atom. 


structure 


“Electronic arrangements will prove 
extremely helpful in relating the prop- 
erties of substances. They will not, 
however, provide a complete answer 
to the problem. A second feature of 
significance in determining the prop 
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we call 
the disruptive process. This process 


erties of substances is what 
is largely controlled by the tempera 
ture and will be discussed later. This 
discussion will lead to the conclusion 
that a particular substance has a set 
of properties which are largely the 
result of its structure on the one hand, 
and its tendency to come apart on the 
other. In other words, substances have 
features of organization and disor 
ganization within them, and the par 
ticular properties observed are deter- 
mined in large measure by the balance 
between these features. 

‘\ third feature is concerned with 
the masses of substances. This will 
also be taken up later. The mass of a 
substance is determined by the masses 
ot the various nuclei. Methods of de 
termining these masses will be consid- 
ered. 

“How can we use the first feature 

the presence of electrons and pro- 
tons to build pictures of atoms? 
Our answer will depend in part on 
what we mean by “building a pic 
ture.” 


Mental Models 


“In the remainder of this chapter 
we will be concerned with a special 
type of picture building, the scientific 
strategy of model construction. This 
is a process in which a scientist builds 
a picture in his mind that provides a 
way of thinking about his experi 
ments. Sometimes this mental picture 
can be converted into a physical mod 
el, an actual object. More often, the 
mental picture remains just that 
mental. 


“Such models are used to simplify 
and facilitate our thinking. If they 
are useful, they lead to conclusions 
which correspond to what we actual 
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witha 


ly find in the laboratory. Not intre 
quently scientists think of a mental 
model which for several cases is use 
ful, but which finally turns out to be 
misleading and so is discarded. For 
example, astronomers for thousands 
of years were able to make use of an 
earth-centered model of the universe. 
Many problems could be solved by an 
intelligent use of this model, but it 
finally had to be discarded as man’s 
factual knowledge of the heavens ex 
panded. Most commonly a mental 
model is partially useful and partially 
misleading. When a model is mis- 
leading, one tries, then, to modify it. 
We always remember, however, that 
the model is never more than a useful 
device; it must not be confused with 
the reality that it mirrors. 


“Whenever we build mental mod 
els we start with a set of assumptions. 
In your study of geometry you may 
have called them postulates. Though 
some of our assumptions may appear 
to you as little more than guesswork, 
useful assumptions are those which 
in a sense are forced upon us by the 
nature of our experience. At first, 
they are often little more than intelli 
what we often call 
hypotheses. The scientist asks, “What 
would that 
such-and-such is true?’ Some of these 
hypotheses prove immediately and 
dramatically fruitful, and some be 
come indispensable principles under 
lying all further investigation. 


gent guesses — 


follow if we assumed 


Pauli Exclusion Principle 

“A major example of an assumption 
that will be indispensable to our mod- 
el building is the “Pauli Exclusion 
Principle.” For many years, chemists 
found it difficult to construct models 
of atoms that would give any clue as 














to why different substances have dit 
ferent physical and chemical proper 
ties. Although they had developed a 
variety of relationships and trends 
among the various properties of the 
chemical elements, they not 
easily relate these properties to the 
properties of fundamental particles. 
Finally in 1925, Wolfgang Pauli de- 
veloped the notion, now treated as a 
reliable principle, that with sufficient 
attractive force present, two, but no 
more than two, electrons can occupy 
the same region in space. Using this 
assumption, chemists found that in 
terrelationships 


could 


between ideas ot 
structure and observed _ properties 
were clarified. We cannot discuss here 
the many forms of testing to which 
this assumption has been subjected. 
Sut one of the most important tests 
is the repeated successful use of it 
which we will make as we go along. 
We will find it a most effective aid 
to our thinking; it yields results that 
are valuable to us in further investi 
gation. 


“Starting with assumptions such as 
Pauli’s, reasoning leads us to certain 
conclusions. In chemistry, sound con 
clusions correspond to the observed 
properties or behavior of some sub 
stance. Thus, a useful mental model 
of hydrogen should lead us along a 
line of thought with which we could 
calculate the melting point, the boil 
ing point, the density, the chemical 
reactivity, and all of the other proper 
ties of hydrogen. No mental model 
yet devised will do all of this in de 
tail, but the best ones are extremely 
useful. 


“Our mental model is to be con- 
structed from both electrons and pro 
tons. Later we will find it necessary 


in addition to introduce neutrons. 


Assumptions About the 
Electrons in Atoms 

“In our model building, we shall 
work in accordance with the follow- 
ing assumptions about the properties 
of electrons: 


“a. Electrons in an atom may be 
represented as negative electric charge 
clouds. 

“b. Electron clouds repel each 
other with 
lomb’s law. 


a force described by Cou- 


“ce. An electron charge cloud tends 
to expand in size. 


“d. Electrons are attracted by pro- 
tons with a force described by Cou- 
lomb’s law. 

“e. With sufhicient attractive force 
present, two, but no more than two, 
electrons can occupy the same region 
in space. (Pauli Exclusion Principle) 


Assumptions About the 
Protons in Atoms 

“Our assumptions about the prop 
erties of protons will be the follow- 
ing: 


D> 


“a. Protons are electric charges, 
for our immediate purpose are con- 
sidered as dimensionless — that 1s, 
they can be thought of as points. 

“b. Protons repel each other with 
a force described by Coulomb's law. 


“ce. Protons attract electrons. 


A Model for Hydrogen 

“Hydrogen is the simplest of all 
elements. By experimental techniques 
it has been determined that each atom 
of hydrogen is made up of just one 
proton and one electron. What sort 
of model can we construct from these 
two particles using the above assump 
tions? 


“If we imagine a single electron 
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and a single proton near each other, 
an attractive will be 
which will cause the two to draw to 


force present 
gethe r. Even when the proton pene 
trates inside the electron charge cloud, 
an attractive will persist, al- 
though it now operates in all direc 
tions around the proton. So long as 


force 


these forces are unbalanced the pro 
ton will continue to move. 


“At some point within the charge 
cloud, the forces in various directions 
will all be just right to balance each 


other. In three-dimensional, 


such a 
electrical tug-of-war the proton can 
finally remain stationary within the 
electron cloud. Let us suppose, for 
simplicity, that the electron becomes 


spherical in shape. 


The Nucleus of the Atom 
“Our assumptions have led us to a 
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model of the hydrogen atom in which 
one proton is in the center of and 
surrounded by one electron. Fig. | 
is a photograph of an attempt to 
mimic the mental model in_ plastic. 
In the figure, the clear plastic sphere 
represents the charge cloud while the 
dark spot in the center represents the 
nucleus. 


Such a model shows only the geo 
metrical relations but nonetheless is 
quite useful in aiding our minds to 
grasp the three-dimensional character 
of the model. These and similar mod 
els will be particularly useful in more 
complex systems. 

“This model is consistent with the 
picture Rutherford developed for the 
metal atoms in the foils which he 
bombarded with alpha particles. The 
hydrogen atom is simple, containing 
only one proton electron. 
Metal atoms are complex, containing 
many protons and many electrons. It 
appears that, from the simple to the 
complex, all atoms are constructed in 
the same way with protons at the 
center surrounded by electrons. The 
central core of protons is called the 
nucleus of the atom. You may note 
some similarity between this use of 
the term nucleus and its use in the 
description of a biological cell. 


and one 


“This general picture is useful as 
a model for all atoms. We assume that 
other atoms each have a single nu 
cleus, but with more than one proton 
in each nucleus. The nucleus of a 
neutral atom is always surrounded by 
electrons. 


Because of the Pauli Exclusion 
Principle, however, it will not be ex 
pected that the electrons can always 
form a single spherical cloud. We will 
discuss other arrangements in another 
chapter. 








Fic. | 
ftom Model 


Hydrogen 


Hydrogen Molecules 

“Imagine two hydrogen atoms near, 
but not touching each other. The two 
electrons repel each other and the 
two protons repel each other. Each 
proton attracts not only its nearer 
electron, but also the electron in the 
other atom. When the various attrac 
tions and repulsions are combined, 
their sum is zero. This means that 
the separate atoms do not turther at 
other. If the distance be 
tween the atoms varies, the net force 


re 
sull remains Zero 


fect each 


— with one excep 
tion, a highly important one. 


“Suppose the two atoms are pushed 
together so that the electron clouds 
overlap slightly. The shaded area 
represents this overlap. Now, as be 
tore, the protons repel each other and 
each proton attracts electrons. Notice 


that the repulsion between the two 


10 


electrons, however, is altered. Those 





parts of the electron clouds which do 
not overlap repel each other as be 
lore, so as to push the atoms apart, 
Those parts which do overlap can 
repel in the opposite direction so as 
to push the atoms together. As a con 


qK 


sequence the net repulsive force be 
tween the electrons must be smaller 
than it was before overlap occurred. 
Hence, the two atoms will move to 
gether until the electrons completely 
overlap and the protons take up posi 
tions consistent with their mutual re 
pulsion. Fig. 2 illustrates the result, 
consisting of two hydrogen atoms 
held together by electrostatic forces. 
‘\ third hydrogen atom cannot 
now merge with the first two. This is 
forbidden to our model by the Pauli 
Exclusion Principle. We can antici 
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pate then, that any number of hydro 
gen atoms will all sooner or later be 


foul d Each 


together in pairs. pair 

will be essentially inert, in relation 
to the others. 

Each pair of hydrogen atoms is 

stable and is referred to as a. 


gen molecule. The use ot ian 


previously developed will then le: ‘d 
us to He 


Late r we 


as the symbol for hydrogen. 
shall s 


that, in 


see experimental evi 
accord with our pre 
hydrogen is 


dence 
the molecule of 
indeed diatomic. 


dictions, 


Covalent Bonds 


“The joining of two atoms by elec 
trical attraction produced through the 
overlap of two electron clouds will 
This attrac 
tion produces a rather powerful link 
between atoms. Chemists refer to this 
link “the covalent bond.” It is a 
bond in which two cooperate 
with each other to produce an attrac 
tive 


occur in other elements. 


atoms 


It is sometimes referred to 
as the bond by which two atoms are 
joined through a shared pair of elec 
trons. Some of its special characteris 
tics will be explored later.” 


torce. 


All the evidence accumulated over 
the past trial year indicates that the 
students are c apable of grasping the 
material in the course and that they 
have considerable enthusiasm for the 
presentation and subject matter. At 
the same time, it is clear that further 


experimentation with the course is 
necessary before a final version can 
be achieved. During the academic 


vear 1960-61, under a further grant 
from the National Science Founda 
tion, the second version of the course 


will be tried out in about 80 schools 
and will involve some 6000 chemistry 
students. These schools are distributed 


SEPTEMBER 1960 


ese aaa 


24 states. In addition to these 
trial the course ma 
terials will be used informally by an 
other high 
leges. 


among 
ofhcial schools 


dozen schools and col 
It is expected that interest in this 
approach to introductory chemistry 
will continue and plans are being 
formulated to hold an expanded num 
ber of summer institutes next year. 
During the past year the personnel 
associated with this project have made 
numerous speaking appearances at 
the request of interested groups and 
Laurence E. Strong Paul West 
meyer attended the Seminar on the 
Teaching of Chemistry, sponsored by 
the Organization for European Eco 
nomic Co-operation (OEEC), 
stones, Republic of 
Laurence E. 


and 


at Grey 
Ireland. Recently 
Strong has accepted 
invitation trom the United States 
South Africa Leader Exchange Pro 
gram to visit secondary schools in the 
Union of South Africa and 
recent developments in science educa 
tion. 


discuss 


The origin: il as well as the revised 
version of the course was prepared 
under the 


Strong, 


direction of Laurence E. 
Earlham College, Richmond, 
as Editor-in-Chief, with as 
sistance of the following contributors: 

Arthur E. High 
School, 


Kenneth Borst, Leonia High School, 
Leonia, New Jersey. 


Indiana, 


Central 
Arizona. 


Bereit ; 
Phoenix, 


Leallyn Clapp, Brown 


Providence, R. I. 


University, 


James DeRose, 
High School, 
Robert Fitzgerel, R. B. 
High School, Saltville, Va. 
Edward Fuller, 
lott, 


Newtown - Marple 
Newtown, Pa. 


Worthy 


Beloit College, Be 
Wisconsin. 















































































Eric Graham, Kenyon College, 
Gambier, Ohio. 

Arthur Livermore, Reed College, 
Portland, Oregon. 

Richard Miller, Los Angeles High 
School, Los Angeles, California. 

rf. A. Neidig, Lebanon Valley Col 
lege, Annville, Pa. 

Henrietta Parker, Shortridge High 
School, Indianapolis, Ind. 

Robert Shewbert, Grant High 
School, Portland, Oregon. 

Wendell H. Taylor, Lawrenceville 
School, Lawrenceville, N. J. 

Frank Verhoek, Ohio State 
versity, Columbus, Ohio. 


Uni- 


Paul Westmeyer, University of Il- 
linois High School, Urbana, III. 

Harold Wik, Sunset High School, 
Beaverton, Oregon. 


M. Kent Wilson, Tufts University, 
Medford, Mass. 

This group has received invaluable 
assistance in the project from a large 
number of interested Out- 
standing among these has_ been 
George E. Kimball of the A. D. Lit 
tle Co., Cambridge, Mass., who has 
given freely of his time to explain 
his charge-cloud approach to atomic 
and molecular structure. Wayne 
Booth of Earlham College has ad- 
vised on rhetorical style. A. B. Gar- 
rett, Ohio State University, Colum- 
bus, Ohio, and R. B. Marschner, 
Standard Oil Co. of Indiana, have 
rendered valuable editorial assistance. 


persons. 


The main office of the project is at 
Earlham College, Richmond, Indiana. 
Further information can be obtained 
there, and sample copies of some ma 
terials are available at cost. 


New Grant Program Started 


> AN EXPERIMENTAL program of gen 
eral grants designed to strengthen the 
scientific capability of the 
colleges and universities has been an 
nounced by Dr. Alan T. Waterman, 


nation’s 


director of the National Science 
Foundation. 
The grants will be given to the 


> 
institutions without re- 


striction for use and will complement 
Foundation support for specific sci 
ence and science education projects. 


educational 


“Federal support of research tor 
particular projects, by earmarking 
tunds for those projects, tends to 
handicap the institution in develop 
ing its overall scientific capability,” 
Dr. Waterman said. 

The new program of institutional 


grants will enable the college or uni 


12 


versity to get necessary equipment, 
employ a needed instructor, technical 
assistant or specialist, acquire the data 
that “may make a great difference in 
the prompt solution of some difficult 
situation,” Dr. Waterman explained. 


Amount of grants to an institution 
will not exceed $50,000 for any one 
fiscal year. 

Generally they will be limited to 
five percent of the Foundation’s §re- 
search grant made to the institution 
in the previous year. 


Although the institutions will be 
free to allocate the funds without re 
strictions, they will be required to 
report to the Foundation annually on 
how the funds have been expended 
and the purpose underlying the in 
vestment. 
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Apparatus Article 


Ultramicro Analysis 


> Anatysis of samples, 20 microliters 
with the 
Ultramicro Analytical 
Program. Originally designed for 


or less in size, is routine 


new Coleman 


clinical analysis, the Coleman system 
permits accurate analysis of minute 
samples on the widely used Coleman 
Junior Spectrophotometer. The sys 
tem is precise, dependable and un 
usually economical. 

Key to the program is a special selt 
emptying ultramicro cuvette, which 
requires only 100 microliters of sam 
ple solution but provides a full 1.00 
cm light path for the spectrophoto 
meter beam. 

The cuvette carrier orients the opti 
cal faces of the cuvette with respect to 
the spectrophotometer. The carrier 
slips out of the spectrophotometer well 
in seconds, instantly adapting the in 
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strument to analysis with other size 
samples. 

Other elements included in the pro 
gram are a specialized micro-centri 
fuge, a precision ultramicro titrator, 
and 12 analytical procedures. A set of 
12 clinical procedures is also available, 
complete with its own set of reagents 
and volumetric dispensing equipment. 

Because the Ultramicro 
Analytical Program integrates 
fectly with an instrument routinely 


Coleman 
per 


used in thousands ot laboratories, 
adoption of the Coleman ultramicro 
techniques does not require purchase 
of special instrumentation which will 
lie idle when 
are being made. 

For additional information, contact 
ID. L. Hackler, Coleman Instruments, 
Inc., 42 Madison Street, Maywood, 
Illinois. 


macro determinations 




































Chemical Companies 


Du Pont 


This is the first of a series of eight articles to be pre- 
sented in CHEMISTRY this year. Many of the students 
now preparing for a career in chemistry will eventual- 
ly join one or other of the large corporations and this 
series, featuring eight of the major companies em- 
ploying chemists in the United States, is intended as 
a preview into the type work that they will be doing. 


> More THAN a century and a half 
ago Du Pont was a small company 
of six owners and a dozen employees 
making high-quality rifle and_blast- 
ing powder for a pioneer country. 
Du Pont, today, is an institution of 
more than 220,000 stockholders and 
87,000 employees producing vital 
products for a rich America. 

Du Pont has come to occupy a 
unique place in the nation’s industry. 
Though Du Pont is large, more than 
a dozen U. S. corporations are larger. 
Though Du Pont is the largest over 
all producer in the chemical industry, 
eight of its principal competitors are 
larger in the fields in which they 
compete. Yet, Du Pont’s diversity of 
activities and its research achieve- 
ments have succeeded in making its 
name a by-word for American chem 
ical developments. 


From a single item of black pow 
der has grown a family of more than 
1,200 products and product lines. At 
the beginning the founder carried out 
experiments in his own kitchen. Now 
there are 31 research and develop- 
ment laboratories, employing 2,300 
technically trained workers. In addi 
tion, more than 2,000 scientists are 
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busily engaged in 70 other labora- 
tories, checking the quality of Du 
Pont products and helping customers 
make new and better products from 
the Du Pont materials they buy. 


From the tiny mills along Brandy- 
wine Creek near Wilmington have | 


a : > 
grown 78 plants scattered from coast | 
to coast. The technical span reaches | 
from water-driven grinding wheels to 7 
intricate, complex tools which make j 
the operating investment per chemi : 

i 


cal worker the second most expensive 
in U. S. industry. 

Du Pont’s role in national defense 
has grown from supplying powder for | d 
American warships fighting Barbary | fh 
pirates off Algiers in 1805, to the de-| 4 
sign, construction and operation of | u 
huge plants for the production of | p 
nuclear materials, which, incidentally, | P 
are being turned increasingly to peace 
ful uses. e 

The story goes on. A few custo-] © 
mers, most of them within a wagon | © 
trip of Wilmington, have become] ™ 
some 75,000 large and small, across} © 
the continent. A handful of suppliers | 
has increased to an estimated 30,000, | 1 
ninety per cent ranked among small | |} 
business. 0 
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Wilmington, Del., comprise 


> THE BUILDINGS intial out on the north bank of the Brandywine River, near 
Du Pont’s Experimental Station, one 
largest industrial research laboratories in the world. 
the upper half of this aerial photograph. 











of the 
buildings are in 
Research conducted at the Station 


Newest 


has led to the development of numerous new and improved products, includ 


ing nylon and neoprene. 


Today about half of Du Pont sales are from products 


stemming from Du Pont research, and introduced within the past 25 years. 


Du Pont’s strength today lies in 
diversity. Here is an example. In the 
_ World War, Du Pont supplied 

) per cent of all military explosives 
ve. by the Allied powers. This out 
put represented 85 per cent of Du 
Pont’s total production. 

In contrast, production of military 
explosives in World War II account 
ed for less than 25 per cent ol the 
company's total production, although, 
in volume, it was several times that 
of the previous war. This sharp re 
duction in the relative importance of 
military production reflects the wide 
ly diversified character of Du Pont 
operations. 
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\bout half the company’s sales 
recent for example, represent 
products introduced commercially by 
Du Pont within the past 


years, 


25 years, a 
factor reflecting the scope and effec 
tiveness of the company s program ol 


fundamental 
1927, 


research, initiated in 
This type ol research was started 
knowledge 
without regard to specific commercial 


to uncover new scientific 
objectives. The development of nylon, 
the world’s first truly synthetic fiber, 
basic 
fundamental 
program. Other studies in this pro 


stemmed trom studies carried 


out under the research 


also uncovered knowledge 


gram 
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laid the foundation for the 
commercial development of poly 
chloroprene rubber, better known as 


which 


neoprene, the first successful general 
purpose synthetic rubber. 


Du 


Pont’s research program are “Delrin” 


Among the latest results of 


acetal resin which shows promise of 
doing, finally, what some earlier plas 
tics had been expected to do — re 
place metal for many engineering ap 
“Mylar” polyester film, 
the strongest of all plastic films, which 
was recently viewed by millions all 
over the world in its travels through 
space as the first “Echo” satellite bal- 


plications; 
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loon; “Dycril” photopolymer printing 
plate, a photosensitive polymer that 
offers a convenient, quickly-processed 
material to replace traditional metal 
plates for many applications in the 
graphic arts and printing industries; 


and “Lycra” spandex fiber — elastic, 
strong, and light in weight. 
Introduced in the early 1950's, 


“Dacron” polyester fiber and “Orlon” 
acrylic fiber are already well known 
to the American public. 

The chemical industry rates among 
the top in appropriations for research 
budgets. In 1959, Du Pont alone 
spent $90 million on research and de- 


> Tut TWo-MAN LABORATORY Js the basic research facility in the new buildings 
of the Du Pont Company’s Experimental Station near Wilmington. 
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velopment, of which nearly $15 mil 
lion went for basic research. A major 
part of its research budget — and 
this is typical of the entire industry 

is devoted to improvement of exist 
ing products. 


What the 
werage American citizen? It means, 
for example, that because of the high 


does all this mean to 


proportion of operating income spent 
for product improvement and discov 
ery in the chemical industry, his paint 
job is lasting two or three years long 
er than it would have 20 years ago; 
that his tires are giving him 15,000 
more miles than they would have 
years ago; that he has a wide choice 
ot W rinkle 


5 


and crush-resistant sum 
mer suitings instead of a couple of 
fabrics virtually unimproved in 75 
years. 


It means that his wife’s wardrobe 


is NOW y (even in this infla 
tionary period) and infinitely more 
attractive and varied than it could 


have been 35 years ago; that his gar 


less costly 


den or his farm is yielding more and 
better products thanks to the remark 
able improvements in agricultural 
chemicals durit 


ig the past 30 years; 
that his food stays fresh longer be 
cause of improved refrigerants and 


yackaging films. 
a oD 


Research is nearly all risk. As 
Crawtord H. Greenewalt, Du Pont’s 
president, puts it: “I would say that 
not more than one in twenty ol our 
research investigations ever rings the 
cash register, and that in money not 
more than one out of 
dollars ever pays off.” 


five research 

Among the historic risks Du Pont 
has undertaken are the production of 
synthetic organic dyes 18 years 
and $43 million invested before the 
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> PROBABLY 


the most dramatic 
ment in Du Pont research history is 


mo 


re-enacted above — the birth of the 
first completely synthetic fiber, im 
practical for commercial use but true 
forerunner of nylon itself. Here chem 
ist Julian Hill shows how he pulled 
molten sample of material from a 
laboratory tube at the company’s Ex 
perimental Station near Wilmington, 
Del. The molasses-like mass stuck to 
the glass stirring rod and was drawn 
out into a thin fiber. 


venture actually turned a profit; ny 


lon — 13 years and $27 million; 
“Orlon” — eight years and $25 mil 
lion; synthetic ammonia — 10 years 
and $27 million; “Delrin” — 11 years 


$42 million. 


While Du Pont is not disposed to 
forecast the future on a crystal-ball 


and 


basis, it is possible, nevertheless, to 
sight along certain lines of research 
that already are laid down. Among 
them are: a massive exploration ol 
synthetic fibers; the development of 
new plastics for engineering applica 
tions; “pure” studies in physics and 
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relatively new areas of Du 
Pont research; studies of high-temp 
erature metals, like titanium and nio 
bium, expected to be used widely in 
space-age equipment; the development 
of synthetic rubbers that can with 
stand extremely high and low temp 


biology 


eratures and the impact of atomic 
radiation; paints that need no sol 
vents; agricultural chemicals that con 
trol the growth of plants and increase 
a crop's resistance to frost and heat; 
new plant and animal nutrients; and 
many others. 

To the young scientist or engineer, 
the chemical industry offers excep 
tionally attractive opportunities. The 


diversity of its products has made it 
a major employer and a_ basic sup 
plier of every manufacturing indus 
try. Moreover, the chemical industry 
is traditionally among the leaders in 
employee benefits and working con 
ditions. 

Du Pont’s employee benefits pro 
gram is among the foremost in Amer 
ican industry. From Eleuthere Irenee 
du Pont’s intimate and neighborly 
concern for his workers has come an 
awareness of toward 
generally of 
been in the 
forefront of the nation’s industrial re 
lations programs. 


responsibility 
safety and the well-being 
employees that has long 


New Membrane Filters Sea Water 


to filter the salt out 
of sea water has been announced at 
the University of California, Los An 
geles. It is said to be 100 times more 
effective than 
membranes. 


> A MEMBRANI 


previous commercial 


This new and promising filter was 
developed by research engineers Sid 
ney Loeb and Srinivasa Sourirajan. 
The membrane, or film, has a large 
number of tiny pores which in effect 
filter the salt water and separate the 


brine from the potable water. 


To make film, the UCLA 
engineers mix cellulose acetate with 
aqueous magnesium perchlorate solu 
tion and acetone, and then cast the 
sticky mixture cold on a glass plate. 


their 


After putting the glass plate into 
cold water, a film four thousandths 
of an inch thick is stripped from the 
plate and then shrunk slightly in hot 
water. The tinished membrane, which 
can filter water 100 times faster than 
previous commercial films, is mount 
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ed on each side of a porous steel disk. 

Any disks are then 
stacked in a frame press, salt water is 
circulated through the unit at 1,500 
pounds per square inch presure, and 
the desalted water flows out from the 
bottom of the unit. 


number of 


With their present film, Mr. Loeb 
and Mr. Sourirajan have been able to 
get potable water at the rate of eight 
gallons a day per square foot of mem 
brane area. Furthermore, the potable 
water is produced in a single filtering 
from a brine containing a 5.25% salt 
concentration, which is much saltier 
than ordinary ocean water. 


Mr. Loeb and Mr. Sourirajan be 
lieve that their process holds possibili 
ties for future large-scale, commercial 
use, because the film is both cheap 
and durable, the equipment is simple 
and can run 24 hours a day without 
maintenance, and power requirements 
are as low as for any other desaliniza 
tion method. 
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‘Proudly ‘Peel 


Announcing new developments in the chemical 
industry and newly available chemical literature. 


Shrinking Polyethylene 

Film Through Radiation 

> THe First commercially successtul 
irradiated plastic film has been an 
nounced, making possible new types 
of packaging not previously employ- 
ed. 

Developed by W. R. Grace & Co.'s 
CRYOVAC Division after three years 
of intensive research, the basic pro 
cess employs a General Electric elec 
tron beam generator that bombards 
polyethylene with up to two million 
volts. This changes the molecular 
structure of the polymer and makes 
possible a new and different plastic 
flm, known as CRYOVAC Type L 
hlm, with vastly improved character 
istics. One of the most remarkable 1s 
its dynamic high-shrink energy. 

Especially suited for packaging 
fruits and vegetables, meat and poul 
try, bakery and confectionery prod 
ucts, the new film also appears to 
have a high potential for standard 
overwrap packaging of many other 
consumer products in crystal clear 
skin-tight contour packages. 


Polyethylene film is extruded into 
tape, which is then passed under the 
eye of an electron beam generator. 
The generators are located in CRYO 
VAC’s Simpsonville, South Carolina 
plant, and housed in a 30-foot deep 
vault insulated by five feet of con 
crete on all sides. As the electrons hit 
the tape, the high energy source causes 
the resulting molecule to become un 
stable and, theretore, reactive, becom 


ing cross-linked like a tightly woven 
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fish net. This increases the strength of 
the material than 300% and 
makes it possible to stretch the ma 
terial in 


more 


more than 
200%. After stretching, the film is 
wound on rolls, and may be printed 
and slit to size and specification for 
any packaging application. 


both directions 


The “stretching process,” known as 
biaxial orientation, imparts to the film 
one of its most dramatic characteris 
tremendous shrink energy. 
When exposed to hot air or hot water 
at 180°, the film immediately shrinks, 
by 20%, and will continue to shrink 
equally in all directions as the temp 
erature is increased until it returns 
to its original size. No other film has 
ever been manutactured that shrinks 
to such an extent or with such energy. 


tics, its 


This characteristic has made possi 
ble the development of new packag 
ing techniques that use the shrink 
energy of the film to do much of the 
“wrapping” and sealing of the pack 
age itself. Through controlled hot air 
shrink techniques, the film can be 
made to shrink itself tightly around 
the tops of baking pans, produce 
trays, and even stalks of celery. 


Although irradiation is used in the 
manufacture of CRYOVAC Type L, 
it would take six million more elec 
tron volts than CRYOVAC’s equip 
ment is capable of generating to make 
any film radioactive. This means that 
the film is as inert immediately after 
it leaves the generator as it was prior 
to irradiation, and, from a_ purely 
chemical standpoint, is identical with 
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conventional polyethylene being used 
on all types of food products. 


“Tipersul” Introduced 
By Du Pont 
> Tue TrapeMark “Tipersul” has 
been adopted by the Du Pont Com 
pany for fibrous potassium titanate, 
a new crystalline fiber material for 
high temperature applications. 
“Tipersul” was developed by the 
company’s Pigments Department from 
fundamental research on new forms 
of inorganic materials by the com 
pany’s Central Research Department. 


The small, white crystalline fibers 
are available in lumps and loose fib- 
ers, as well as blocks, sheets and paper 
forms made by standard felting tech 
niques. Curved or odd shapes are also 
available. 


This material, useful to 2200° F., 
offers low heat conductivity, great 
ability to scatter infra-red radiation, 
and low density. These and other 
properties make “Tipersul” useful for 
thermal, acoustical, and electrical in 
sulation, as well as for filtration ap 
plications. Another significant use for 
the material is in ablative insulation. 
Such insulation absorbs heat and lim 
its heat penetration, thus protecting 
space hardware from high tempera- 
tures for brief periods. “Tipersul” may 
be added as filler to “Teflon” fluoro- 
carbon resins to increase dimensional 
stability of finished products. 


Esso Announces 

Polypropylene Process 

> A process for the production of 
polypropylene, believed to be the most 
versatile of all plastics, has been an 
nounced by Esso Research and Engi 
neering Company. 


0) 


The successful completion ot the 
project, requiring a $15,000,000 re. 
search and development outlay, en 
abled the parent firm, Standard Oil 
Company (New Jersey), and afhliates 
directly to enter the booming plastics 
business. 

The Esso Research process is a con 
tinuous method designed to operate 
2+ hours a day and is the largest 
“grass-roots”, built from the ground 
up, polypropylene facility yet con- 
structed. Its initial capacity is 40,000, 
000 pounds a year and it is designed 
for expansion to 100,000,000. 

The raw material is a refinery gas 
known as propylene which is altered 
chemically, by the catalyst and other 
factors, into a super polymer. The re- 
sulting product can be used to make 
a wide variety of superior, more at- 
tractive plastic items. 

Molded polypropylene items, such 
as water tumblers, are both durable 
and attractive. Films for packaging 
and wrapping are clear, but glossy 
and tough, and thus can protect food- 
stuffs, and serve in other important 
applications. Various end-uses fore- 
seen include synthetic fibers and pip- 
ing materials, and scores of other po- 
tential polypropylene products are be- 
ing studied. 


A prime advantage of polypropy- 
lene is that it retains its basic shape 
up to 290 degrees Fahrenheit. In fact, 
it will not melt until the temperature 
reaches 335 degrees. 

In comparison with its earlier-de- 
veloped cousin, polyethylene, a lead- 
ing plastic used today, the new ma 
terial is superior in many respects. It 
rates higher than the newest types ot 
polyethylene (high density or linear) 
with regard to rigidity, stress crack 
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ing and heat resistance. It can be steri 
lized in steam under pressure, an at 
tribute making it suitable for hospital 


equipment. 


Polypropylene is economical, too. 
Because of its light weight, or low 
density, a pound of polypropylene will 
go larther, produce more products, 
than the same amount of polyethy 
lene. 


Spectral Data on 

Organics Available 

> Thr FIRST in a proposed series of 
spectral data sheets on organic com 
pounds has been published by the 
Manufacturing Chemist's Association. 

The information was compiled by 
the Carnegie Institute of Technology 
through a project sponsored by the 
MCA. 

The first issue contains ultraviolet, 
infrared and mass spectral data. Later 
issues, to be made available at six 
month intervals, will contain Raman 
and nuclear magnetic resonance spec 
tral data also. 


The data on physical and spectral 
properties 1s compiled to help indus 
trial laboratories identify processing 
fractions as well as pure compounds. 

The data on spectral properties 
help in making rapid spectrographic 
analyses of plant streams and product 
materials in manufacturing processes, 
as well as identifying individual com- 
pounds in analytical and research 
work. The data on thermodynamic 
properties permit the making of re 
liable calculations of heat balances and 
evaluation of chemical equilibria oc 
curring in industrial processes. 


The MCA-sponsored research on 
spectral properties was begun at Car 
negie on July 1, 1959. It is integrated 
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with the MCA sponsored work on 
physical and thermodynamic proper 
ties initiated in 1955, The spectral 
the American 
Petroleum Institute Research Project 
+4 on hydrocarbons and related com 
pounds. 


The availability of such data as 
sists industry in utilizing raw mater 
ials to greater technological advan 
tage. 


project is similar to 


An important by-product of this 
MCA research project is the encour 
agement of fundamental research on 
chemical compounds in universities 
here and abroad. The information is 
made available to universities free of 
charge. 

Directors of the MCA projects are 
Dr. Frederick D. Rossini and Dr. 
Bruno J. Zwolinski. Dr. Alfred Danti 
is in charge of the work on spectral 
data. All are Carnegie staff members. 

Copies of the spectral data sheets 
are available on an annual subscrip 
tion basis at 10 cents each; the physi 
cal and thermodynamic data 
are 5 cents each. Address: Manufac 
turing Chemists’ Association, Inc., 
1825 Connecticut Ave., N.W., Wash 
ington 9, D. C. 


sheets 


Silicone Plant 

Under Construction 

> Generac Evecrric has started con 
struction of what is believed will be 
the most advanced plant in the world 
for the manufacture of basic silicone 
intermediate chemicals. The new 
plant, costing nearly $3 million, will 
replace smaller existing facilities 
which will be converted to serve other 
manufacturing needs at the Com 
pany’s Silicone Products Department 
in Waterford, New York. 








The new facility will add more 
than 15,000 square feet of manutfac- 
turing space to the Waterford site and 
will increase capacity for the manu 
facture of intermediate silicones to 
beyond 1965 levels. It is expected to 
go into operation by late 1961 and 
will utilize the most advanced equip- 
ment and technology of the silicone 
industry. One of its features will be 
a closed-circuit TV hookup for moni 
toring operations from a centralized 
control room. 


The main portion of the facility 
will consist of a six-story outdoor type 
manufacturing structure, a_ partial 
two-story control and general service 
structure, and storage tank area. Steel 
and corrugated asbestos construction 
will be used. 


Chemicals to be manufactured in 
the new plant are silicone intermedi 
ates. They are processed by the Com 
pany into than 250. saleable 
forms of | silicone, including silicone 
rubber, oils, fluids, resins, emulsions 
and specialty products. 


more 


The new plant construction is part 
of a 24-month, multi-million dollar 
expansion program involving the ad 
dition of new structures, equipment 
and processes, first announced by the 
Company in April. The first phase of 
the program was a $1 million silicone 
fluids finishing building which is un- 
der construction and is expected to go 
into operation in November. 


The Waterford G-E plant is a com 
pletely integrated silicone production 
operation. To meet still increasing de 
mands for masonry water repellents, 
textile finishes, polishes and cosmetics 
as well as requirements for silicone 
rubber in the missile and aircraft in 
dustry and other applications, its ca 


pacity has been increased steadily 


since World War II. 


The new intermediate plant will be 
the establishment's eighth manufac 
turing structure and one of 16 major 
structures at the site. 

New Low Temperature 

Rubber Developed 

> TH Service Depart. 
ment of the Natural Rubber Bureau 
announced a new modified Natural 
Rubber that makes possible Natural 
Rubber compounds which remain ef 
fective at temperatures below —60°C. 
This latest advance in rubber tech 
nology was developed at the Natural 
Rubber industry laboratories in Lon- 
don, and is the outgrowth of a dou 
ble-barrelled approach to achieving 
low-temperature effectiveness: 


TECHNICAL 


(1) the incorporation of plasticisers 
which substantially — to 
counteract rapid stiffening that 
occurs at very 
tures. 


serve 


low tempera 


(2) chemical modification of the 
rubber which results in marked 
retardation in the slow pro 
gressive stiffening that occurs 
at moderately 
tures. 


low tempera 


The resulting break-through has 
produced a Natural that now makes 
possible effective service on window 
seals, tank tracks, vibration mount 
ings, inner tubes, wire insulation, 
belts and hose, and other applications 
connected with high flying aeroplanes, 
deep freeze equipment, industrial and 
military items for northern climates 
and similar sub-zero usages. 


The compounding procedures in 
volved, together with a number ot 
pertinent tests, are fully described and 
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annotated in Technical Bulletin No. 
4, Compounding Natural Rubber for 
Service at Low Temperatures. For a 
free copy, write Technical Service De 
partment, Natural Rubber Bureau, 
1631 K Street, N.W., Washington 6, 


1D. 


Rocket Fuel Plant 
To Be Built 

\ MULTI-MILLION DOLLAR plant for 
production of anhydrous hydrazine, 
a rocket and missile fuel, will be built 
for the Government by Olin Mathie 
son Chemical Corporation. 

The Air Force has placed the pro 
ject on a high-priority basis. Engi 
neering studies and acquisition of nec 
essary facilities are beginning at once. 

The new plant will be built for the 
Air Force with Government funds 
and will be operated by Olin Mathie 
son. The plant’s cost, production ca 
pacity and personnel 
have not been disclosed. 


requirements 


Saltville, Va., has been selected as 
the location for the new plant because 
of its available raw materials, person 
nel experienced in chemical produc 
tion, and nearness to government 
rocket missile facilities. 


Allied To Build 
Polyether Plant 

> Arup CHEMIcal 
plans to build a plant for the manu 
facture ol making the 
Company a source for all the major 
urethane foam components. 


has announced 


polyethers, 


Solvay Process Division will begin 
construction of a new plant at Baton 
Rouge, La., where it currently pro 
duces soda ash, chlorine and caustic 
soda. Polyethers, which are used for 


both rigid and flexible foams, will be 
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a 


marketed by National Aniline Divi 
sion. 

Initial capacity will approximate 20) 
million pounds annually with a 
unique built-in provision for expand 
ing production rapidly. The plant will 
utilize propylene oxide as the starting 
material. Initial production of poly 
ethers is expected to begin by June 


1961. 


New Tubing 

Plastic Announced 

> A spectatty tailored black plastic 
resin, Marlex TR-212, designed for 
use in the high quality plastic pipe 
held, has been announced by Phillips 
Chemical Company, Bartlesville, Okla. 

Phillips reports that pipe extruded 
from Marlex TR-212 resin has a high 
er safety factor than any other plastic 
pipe when extruded to the specifica 
tions of the Department of Commerce 
(Bureau of Standards) and Society of 
Plastics Industries (SPI) for ASTM 
Type HI Polyethylene. According to 
exhaustive research data compiled by 
Phillips over a three-year period, 1” 
National Sanitation Foundation 
(NSF) approved pipe made from its 
resin sustains a hoop stress of 1800 
psi at 1000 hours and 80° F. This is 
three times the accepted standard de 
sign stress for ASTM Type III (high 
density) polyethylene pipe. 

TR-212, easily extruded on conven 
tional equipment, is recommended by 
the manufacturer for cold water lines. 

The light weight and flexibility of 
pipe extruded from Marlex TR-212 
resin makes possible the supplying of 
coiled pipe. This permits the laying 
of long lengths with resulting econo 
mies in time and labor. The pipe resin 
is inert or alkaline 
does not conduct electricity. 


to acid soil and 


i~ 
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New Chemical Patents 


To obtain copies of these new patents, order them by 
number from the Commissioner of Patents, Washing- 
ton 25, D. C. Enclose 25 cents in coin, money order 
or Patent Office Coupon (but not stamps) for each 


patent ordered. 


Acid Stomach Checked 
Aluminum Salts 

> Upset stomacn is usually due, 
everyone must know by now, 
acidity, and there are innumerable 
pills and potions on the market for 
the relief thereof. According to Ruth 
C. Denison Signal Mountain, 
Tenn., antacids may be divided into 
systemic, those that neutralize the of 
fending acids once and for all, and 
which tie up the acids 
in the stomach but 
again when they pass 
into some less acid part ol ’ the body 
such as the small intestine. 


as 


to over- 


of 


non-systemic, 
while they are 
release them 


Miss Denison favors the latter class, 
better known perhaps as buffers, and 
has been awarded patent No. 2,940, 
898 for a series of antacids consisting 
the dihydroxy aluminum salts of 
various aliph: itic organic acids. She 
assigned her patent to Mrs. John W. 


Bradley of Lookout Mountain, 


ol 


Tenn. 





Solar Cell Measures 
Meteorite Effect 


> Tuk Two systems presently in use 


to determine the effect of meteoric 
dust on fast missiles have certain dis 
advantages. The acoustical method 


cannot completely distinguish between 
meteoric noises and those from other 
and the examination of the 
surface after recovery does not make 
it possible correlate 
fects with time and temperature. 


sources, 


to meteoric et 
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John R. Outt of Malvern, Pa., was 
granted his patent, No. 2,944,250, 
which he assigned to the General 


Electric Company ot New York, for 


a means whereby solar cells are set 
in the surface of the rocket. As the 
rocket rotates, the current generated 


by the cell and transmitted back to 
earth will vary from maxi 
mum. The abrasive effect of meteors 
on the cell surface will cause drops 
in power which will be indicated 
dips on the current-time curve. 


zero to 


New Drugs May 

Eliminate TB 

> A crass oF chemical compounds 
that is highly effective against bac 
teria, has a low degree ol toxicity and 
can, under proper conditions, elim 
inate tuberculosis in humans and ani 
mals has been patented. 


Until relatively recently the treat 
ment for TB depended upon the nat- 
ural recuperative powers of the body, 
and consisted of fresh rest and 
good nursing. The was by 
means certain and often took years. 


air, 


cure no 


Recently such drugs as streptomycin 


have been found to be effective. How 
ever, they have, according to Dr. 
Peter P. T. Sah of the University of 


California School of Veterinary Med 
icine, Davis, Calitf., 
They are toxic 
dose m iy only be enough to inhibit 


certain shortcom 


Ings. 


the disease but not destroy the disease 
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germs: they are not effective against 
some forms of TB, and the TB bacil 
li ci develop a resistance to the 
drugs. 

Dr. Sah was granted patent No. 
1,940,899, which he assigned to the 
University of California, Berkeley, 


tor his method of treating TB with 
a chemical called d-galacturonic acid 
isonicotinyl hydrazone or one of a 
group of related compounds, and for 
various methods of their preparation. 


These drugs have, according to the 
inventor, much lower toxicities than 
those now in use, and may therefore 
be sately used in sufficient doses to 
destroy the TB bacilli without caus 


ing harmful side effects. 


Gibberellin Increases 
Livestock Yields 

> CGIBBERELLIN, a non-antibiotic ma 
terial that increases the growth rate 
of plants, may be added to animal 
feed to give better and taster yields. 
John R. De Zeeuw, Gerald A. Dono 
van and William C. Sherman, all of 
Terre Haute, Ind., were awarded pa 
tent No. 2,943,938 this use of 
gibberellin. They assigned it to Chas. 
Pfizer and Co., Inc., of New York. 


tor 


They said that the addition of very 
small amounts of gibberellin, between 
part in a billion and one in a 
million, is especially effective in in 


the 


one 
creasing growth rate of poultry 
and is also effective for cattle, sheep, 
pigs, lambs and other farm animals. 

The use of various hormones, and 
of antibiotics, in animal feeds is not 
new, but according to the inventors, 
gibberellin, a term they use to in 
clude the three compounds known 
specifically as gibberellins A-1, A-2, 
and A-3, is much more effective than 
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such previously used materials as 
penicillin and stilbestrol, in promoting 
growth. Since it is not an antibiotic, 
gibberellin does not reduce the inci 
dence of disease, as does penicillin for 
example, so these other additives may 


still be necessary in some cases. 


Cigarettes From 

Alfalfa and Cornsilk 

> Cicarettes have been made from 
cornsilk and alfalfa before, but, ac 
cording to Gerald M. Schaflander of 
Fresh Meadows, N. Y., they have all 
had a rather acrid taste. Smoking 
mixtures made from these compon 
ents do, however, have very little tar 
and no nicotine at all. 


Mr. Schaflander 
means of removing these unpleasant 
properties according to which the 
mixture is washed 
then treated with 


has discov ered al 


and 
which ex 
tracts the chemicals responsible for the 


with water 


steam 


acridity. The fibers are finally treated 
with an and. dried. 
The inventor assigned his patent, No. 
2,943,958, to Bantob Products Corp. 


ot New York. 


aldose solution 


New Process For 

Synthetic Garnet 

> AttrnoucnH garnet is a fairly abun 
dant mineral in the U. S., it is usual 
ly found well mixed with many other 
minerals, so that obtaining pure nat 
ural garnet can be a long and tedious 
business. Robert H. Wentorf, Jr., of 
Schenectady, N. Y., has therefore dis 
covered a means of making artificial 
garnet, reported to be chemically in 
distinguishable from the real thing, 
from hornblende, a much more com 
mon mineral which can easily be ob 
tained in the pure state. 


“i 








Dr. Wentort’s process, patent No. 
2,941,861, consists of heating a mix 
ture of the hornblende and a metal 
dehydrator to temperatures of at least 
1,250 degrees centigrade while under 
pressures of 27,000 to 40,000 atmos 
pheres. He assigned the patent to 
General Electric Company of New 


York. 


Process Makes Toothbrushes 
Bactericidal and Germicidal 


> Parent No. 2,939,164 was awarded 


toothbrushes to give them germicidal 
and active bactericidal properties 
throughout their normal useful lives, 
Mr. Rosenthal ey his invention 
to Pycope, Inc., of Jersey City, N. J. 

The treatment consists of immers 
ing the toothbrushes, or their parts, 
in a colloidal solution of an aromatic 
mercury compound, virtually insolu 
ble in water, and a bactericidal quat- 
ernary ammonium compound. 

Tests treated toothbrushes in 
daily use have shown that the germi 
cidal and bactericidal properties re- 
mained effective over a six-month per 


on 


iod. 





“We never made such a fuss when our figures balanced!” 


to Murray W. Rosenthal of Nutley, 
N. J., for his method of treating 
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For the Home Lab 


Molybdenum 


by Burton L. 


> MoLyBDENUM occurs 1n nature as 
the sulfide, a black mineral similar to 
graphite in appearance. So similar, in 
fact, that it was sold as graphite sis 
many years. Finally, in 1778 the fa 
Scheele prov ed that 
these two materials were not the same. 


He tound that one reacted with nitric 


mous chemist 


acid to form a white powder whereas 
the other was not affected whatever 
by the acid. Since he could not iden 
tity the white material, he rightly as- 
sumed that it must be the exude of a 
new element. The next step was to 
try to obtain the element by the tried 
and-true method of reducing with 
carbon. This reduction was carried out 
successtully by Scheele’s friend, Peter 
Jacob Hyjyelm, who was the first one 
to observe the gray powdered molyb 
denum. 


The Metal 
Molybdenum is 
al, fairly 


a silver-white met 
resistant to oxidation and 
quite to pronounciation. 
Molybdenum melts at 2600 degrees 
which makes it dificult to work. 

cause of this high melting point it is 
always obtained 
converted to a coherent metal by com 
pression, 


resistant 


as a powder. It is 


Its chief use 
is in the filament supports of electric 
light bulbs and electronic tubes. 


as is tungsten. 


Reduction of molybdic oxide pro 
metal. In the home lab, 
carbon requires too high temperatures 
and hydrogen is too dangerous. Thus 
reduction with aluminum by the ther 


mit process is preterable. 


duces the 
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Hawk 


You will probably have difficulty in 
procuring molybdic oxide, so we will 
use molybdic acid- 85% as our start 
ing point. This material, which is 
readily available, contains the 
along with ammonium 


oxide 
molybdate. 
Place one or two grams of molybdic 
acid in a crucible and apply heat. 
Continue heating, with occasional stir- 
ring, until a bluish gray powder is 
obtained. Perhaps you will notice the 
odor of ammonia, as this is evolved 
during the heating. (If molybdic acid 
is not available, you may use ammon 
ium molybdate instead. 
at first to drive off the 
gradually increase the heat). Place 
the blue powder in a mortar and 
grind as finely as possible. Now add 
an equal quantity of powdered alum 
inum and grind the two materials 
thoroughly together. Transter the 
mixed powders to a large clay cruci 
ble. Carefully sprinkle on top of the 
mixture a small amount of ignition 
powder consisting of powdered mag 
nesium mixed a barium peroxide. 
Set the crucible 1 spot where no 
danger can occur iow flying sparks 
or flames. Now, using a long tongs, 
ignite a piece of magnesium ribbon 
and drop the burning ribbon into the 
crucible. Keep your face away! The 
reaction will be quick and violent. 
After the crucible has completely 
cooled, scrape the contents out and 
drop them into a solution of dilute 
hydrochloric acid in a flask or beaker. 
If the action is slow, apply heat. Al 
low the acid to react with the residue 


Heat slowly 
water, then 


> 








time. This will dis 
unreacted aluminum, 


for quite some 


solve the 


mag 
nesium, and also the aluminum oxide 
formed. Finally filter off the acid, 


wash the residue and examine it with 
a magnifying lens. The gray powder 
should contain molybdenum; how 
ever, the success of this experiment is 
not guaranteed. The volatility of the 
molybdic will sometimes pre- 
vent reduction. (Be sure 
to use only small quantities when per- 
forming this reaction). 


oxide 
an effective 


Colorful Compounds 

The chemistry of the compounds of 
molybdenum is complicated. 
Molybdic acid tends to form salts of 
isopoly and hetero-poly acids. For ex 


quite 


ample, salts of iso-poly acids with up 
to 24 molybdenum atoms have been 
The “normal” molybdates 
are salts of Hn MoO ,. From these, by 


described. 


treatment with nitric acid, the para 
molybdates are derived. The regular 
ammonium molybdate of commerce 


is actually ammonium paramolybdate 
hexahydrate. Be that as it may, let us 
proceed with our experimenting and 
leave the technicalities the 


books. 


Ammonium 


for text 
forms a 
\ color with phos 
phates which serves as a test for the 


molybdate 
characteristic yellow 


latter. Prepare a solution of ammon 
ium molybdate and make it strongly 
acid by the addition nitric 
Add this to a solution of sodium or 
calcium phosphate. 
yellow powdery 
This is 
molybdate. 


ol acid. 
Upon heating a 
precipitate 1s 
ammonium 


pro 
duced. phospho 
solution 
chloride and add a small quantity of 


Prepare a of stannous 
I 


dilute hydrochloric acid. Upon the 
addition of ammonium molybdate 
28 


solution, 
tained. 


an intense blue color is ob- 
This is “molybdenum blue,” 
formed by the reducing action of the 
stannous chloride. This is another one 
of those complex compounds of which 
the definite composition 1S question- 
able. There is a of vari 
able composition formed when —s 
dic oxide is reduced. For example, i 

molybdic acid is reduced in sulfri 
acid with tin or zinc, 


“blue oxide” 


the blue color 
is obtained if the concentration of the 
acid is between 25 and 75 per cent. 
If the solution is diluted to less than 
25% acid, the blue color disappears. 
The blue color will also disappear on 
heating, but will return on cooling. 
Well, so it goes . . 


Add 


. you figure it out! 
solution of sodium thiosul 
fate to a solution of ammonium mo 
lybdate. Nothing happens. Now add 


a few drops of hydrochloric acid. 


light blue color is obtained which 
darkens upon standing. Additional 
acid will produce a darker color and 
still more acid will produce a brown 
color. 

Add a solution of potassium thio 
cyanate to a solution of ammonium 
molybdate. Follow this with a few 
drops of hydrochloric acid. A yellow 
color is obtained. Drop in a piece of 


A beautiful red color is formed 
and arises in a cloud from the zinc. 
As the zinc dissolves, the color dark 
ens and spreads throughout the solu 
tion. This is quite an unusual effect. 


zinc. 


Add a solution of potassium ferro 
cyanide to 
molybdate. 
lew 


ammonium 
Upon acidifying with a 
drops ol 


a solution of 


acid, a 
deep red precipitate is rapidly formed. 
Add a solution of tannic acid to a 
solution of ammonium molybdate. A 
lovely deep orange color is obtained. 
For a_ beautiful 


hyd rochloric 


demonstration of 
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reduction by stages, add dilute hydro 
chloric acid and a piece of zinc to a 
solution of ammonium molybdate. As 
the zinc starts to react, a pastel shade 
of blue is formed. It gradually turns 
darker. As the action proceeds, various 
shades of blue and blue-green are ob 
tained, and thence a full green color. 
Finally, the green passes through a 
multitude of shades into a deep brown 


color. 


This series of color changes is typi 
cal of molybdates. You may experi 
ment with other reducing agents upon 
ammonium molybdate. Under certain 
conditions and dilutions of zinc and 
HC] reductions, successive changes of 
yellow, red, green, and brown are ob 
tained. 


Molybdenum forms five oxides 


three “sure,” two “questionable”); 
sulfides, four chlorides, three 
fluorides, two oxyfluorides, three bro 
mides, and two iodides. No normal 


sulfate is known. However, when a 


hve 


solution of molybdic acid in sulfuric 
acid is electrolyzed, the usual color 
change is obtained (this time from 
pink to green). What is this material? 
It has been thought to have a general 
composition of MoO.,2SO.,5H.O. It 
molybdic acid be added to hot con 
centrated sulfuric acid colorless crys 
tals are obtained which are very un 
stable. This compound is thought to 
be MoO.SO,. 

Ammonium molybdate can be pre 
pared by dissolving the trioxide (mo 
lybdic oxide) in ammonium hydrox 
ide and evaporating the solution. 
Conversely, the trioxide can be ob 
tained from ammonium molybdate by 
heating the dry compound. 


Anyone that is of the opinion that 
inorganic chemistry is “simple” should 
tackle a study of the compounds of 
molybdenum. To those who may be 
interested, the unraveling of these ex 
tremely complex compounds presents 
a real challenge. 


Columbium Toughens Steel Pipe 


> Appinc small amounts of colum 
bium to steel during its manufacture 
has been found to strengthen it and 
to make welding easier. 

With the rapid expansion of the 
natural gas industry, there has grown 
a demand for a steel suitable for the 
construction of long-distance, trouble 
free pressure pipelines. 

Higher gas pressures in these pipe 
lines has dictated use of higher 
strength steels. These have usually in 
volved high carbon contents, result 
ing in more brittle steels and great 
welding dithculties, especially at 
temperatures. 


low 
This problem has now been solved 
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by the Great Lakes Steel Corpora 
tion, Detroit, a division of the Na 
tional Steel Corporation. Great Lakes 
will produce a new family of steels 
containing columbium. 


These steels, although developed 
for use in gas pipelines, have already 
generated wide interest because of 
their possible use in truck frames, 
highway lamp posts and railroad 
equipment. 

Making the steels economically at 
tractive is the fact that the price of 
columbium has dropped over the last 
10 years and large deposits of colum 
bium were 
(Quebec. 


recently discovered in 


0 
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Directions: Mark the answer you think most nearly correct. 
Answers are on page 33. 


A. The following is not typical of 
colloidal solutions 

Tyndall effect 

Brownian movement 

Percolation 

Electric charge 

B. The most commonly used process 
for the mining of sulfur is known 


wiv — 


as 
1. The Sicilian process 


2. The Frasch process 
3. Hot bedding 
4. The Fischer-Hund process 


C. Anaerobic bacteria 

Live only in salt water 

Can live without oxygen 

Are harmful to man 

Are not found in nature but 
can be obtained by the chemi- 
cal modification of certain nat- 
ural bacteria 


+-wWwiv— 


D. Of the following metals, the only 
one not found free in nature is 


1. Gold 


2. Platinum 
3. Copper 
4, Zine 


E. One might expect to find karaya 
gum as a component ol 
1. Rubber cement 
2. Cigars 
3. Toothpaste 
4+. Bubble gum 


Complete copies (with answers and 
norms) of many previous Science Tal- 
ent Search examinations are available 
at 15¢ each from Science Service, 
1719 N St., N.W., Washington 6, 
D.C. 


Water Vapor on Venus 


> Warer vapor in the atmosphere of 
Venus below the cloud level is more 
abundant than has been thought, a 
Johns Hopkins University scientist 
has reported. 

Dr. John Strong told an Optical 
Society of America meeting that wa 
ter vapor in the atmosphere of Venus 
was measured by scientists studying 
records of the planet made from a 
manned balloon flying some 15 miles 
above the earth’s surface in Novem 
ber, 1959. 

Other scientists have suggested this 
tinding raises the possibility that some 
sort of life could exist on Venus. 


30) 


Instruments carried in the balloon 
were designed by Dr. Strong. The 
balloonists were Cdr. Malcolm Ross 
of the Office of Naval Research and 
Dr. Charles B. Moore of Arthur D. 
Little, Inc., Cambridge, Mass. 

Finding water vapor in the atmos- 
phere of Venus is the first indication 
of water on the planet, which is 
known to have a great deal of carbon 
dioxide in its atmosphere. 

The amount of water measured in 
the Venus atmosphere is about four 
times more than found in the earth’s 
stratosphere, and is about the same as 
above high level clouds on earth. 
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Science Talent Search 
Project Report 


Half-Life of Free Radicals 


by Joyce A. THompson 
Stonewall Juckson High School, Charleston, West Virginia 


~ 


—_———— 


e only 
€ 1s 
Joyce Thompson, 17, was a winner in the 19th Science 
Talent Search. She hopes to major in chemistry at uni- 
versity with a view to becoming a research chemist. 
> PoLYMERIZATION by free radicals is their structure and what causes them 
Raraya } the most important process employed 


to form. The most common sources 
} in the rapidly growing plastics indus 


of free radicals are organic peroxides. 
try. Through reading and talking to When ultraviolet light passes through 
| polymer chemists | became interested certain peroxides the molecules split 
in discovering just how free radicals at the oxygen double bonds and be 
| behave. These very unstable radicals come free radicals. Using ultraviolet 

can exist tor only very short times be- light to produce radicals seemed the 
ww combining either with other best way for me to carry out my ex 
* | molecules or other radicals. periment. I had, therefore, to set up 
ce Tal- My first step in developing a pro- an apparatus that would produce 
vailable | ject on free radcials was to find out enough radicals to be measured. 
ervice, 


gton 6, 


balloon 
ig. The 


m Ross 
rch and 
thur D. 


e atmos- 
idication 
vhich 1s 
tf carbon 





> Tue apparatvs finally used by Joyce Thompson in her project is here shown 
sured in| in diagramatic form. 


1 is the reaction mixture of monomer and _ peroxide, 
out four| Bis the mercury lamp, C 1s a shield to protect the eyes from U. V. radiation, 
e earth's) D is a sectored wheel (see photograph), and E is a cooling bath. F is a mag- 
> same as| netic stirrer, G is the motor which drives the sectored wheel, H is a ther 
earth. mometer, and K 1s a cathetometer. 
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My attempts 
measurement of the half-life 
of the dibenzoy!l peroxide 
pedicel a means of polyme 


ig!" monomer, acr | 
yam | 
( 


prrayes t 


f 
I 
‘ 
I 
I 
2 
> Joye Tompson is shown with her display at an exhibition held in Wash- 
ington as part of the 19th Science Talent Search. Joyce was one of the 4} , 
'T.S. winners chosen from over 29,000 high school seniors throughout the . 
United States. : 
I chose dibenzoy] peroxide as my Apparatus ; 
radical-former since ultraviolet light The first apparatus I tried was not 
was supposed to break it up ee pee successful because, in the time needed | ty 
tively easily. Then I decided on ac ryl for the radical to pass from the point} \ 
onitrile as the monomer to be used of formation into the monomer, the} r. 
because it would react readily with — radicals would recombine with each} a 
the peroxide radical to form a_ poly other. Evidently the life of the radical} h 
mer which was insoluble in the mon was so short that the only way poly 
omer and therefore easily seen. I used = mer could be produced would be to 
a special 100 watt me rcury are as the dissolve the radical-former in the} 
source of the ultraviolet light and de monomer and then train the light on 
vised a shield from a tin can to block — the mixture to form radicals right in| 
off the light and protect my eyes, the monomer. 
since light from such a source can be My second apparatus was more suc 
damaging to the sight. cessful. At least, radicals were ob | 
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viously produced because polymer 
was fe os However, this time the 
problem was that the polymer was 


omy so rapidly that the polymeri 


ae temperature went out of con 
trol. Polymer virtually exploded from 
the volumetric flask. This problem 


was easily remedied by placing the 
flask in a bath of ice water with a 
magnetic stirrer to keep the water 
circulating and the temperature con- 
stant. 


Now that I had means of pro 
ducing free radicals, | had to find 
method of determining their half-life. 
It appeared that this problem could 
be solved by using a —— devel- 
oped by Dr. H. W. Melville i n Eng- 
land. With this method the steady 
fow of ultraviolet light is broken up 
into light flickers. The rate of poly- 
merization then varies with the flick 
ering rate. By plotting the rate of 
polymerization against the flickering 


rate I could determine the half-life 
of the radical. 

To obtain this flickering light | 
placed motor-driven wheel directly 


in front of the mercury arc, as shown 
in the diagram. This wheel would 
completely block all the light when 
a sector was in front of the lamp but 
allowed the full flow of light to pene- 
trate the flask when an open section 
was in front of the lamp. A different 
rate of flickering was obtained with 
wheel I made with sectors 
halt the size of those of the first. 


a sec ond 





The polymerization rate was de- 
by measuring the amount 

polymer formed in the flask as the 
polymerization proceeded. This 
done by measuring the change in the 
volume during the polymeriz: ation, 
using a small cathetometer. The vol 
ume of material in the flask decreases 
as polymer is formed. This 
because the double bond of the mon 
omer occupies more volume than the 
single bond of the polymer. Therefore 
the density of the polymer is greater 
and the volume less than that of the 
monomer. 


So tar I have made only 
two sectored wheels, but I plan to con 
tinue with my experiments and run 
several trials with several wheels of 
varied Another motor 
used to obtain a really 
range of flickering speeds. 


termined 


was 


occurs 


use ol 


design. must 


also be wide 


I have not run trials to 
enable me to make a graph which 
will allow calculate the half- 
lite, but when I have completed more 
trials I should be able to obtain a 
graph similar to that pli itted by Mel 


ville in his work on free radicals. 


enough 


me to 


I believe that the knowledge of the 
half-life of various free radicals will 
enable the polymer chemist to choose 
the most suitable radical for his needs 
— the one which will produce the 
desired polymer, has the greatest re 


Answers to CHEMISTRY QUIZ on Page 30. 


A - 3; 
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B-2;C 


activity, and is the least expensive. I 
hope my efforts will be of value in 
acquiring this knowledge. 
2;D - 4; E - 3. 
oe 
‘,) 





> AN EXCITING tire-ol-tomorrow, with 
and beyond 
present levels, may be evolving from 
research in five synthetic fibers. 


performance wear tar 


A program of research and testing 

quest of a tire that will combine 
exceptionally long life with smooth 
and quiet riding properties is being 
conducted by the Goodyear 
Rubber Company. 


Tire and 


‘The potential of these fibers is 
striking in terms of the qualities they 
may enable us to build tires,” 
said Dr. R. Dinsmore, vice presi 
dent in charge of research for Good- 
year. 


into 


“For example,” he said, “one has a 
melting point of 600 degrees Fahren 
heit, compared with 482 degrees for 
the fiber used in today’s premium re 
placement tires.” 
new fabrics includes 
building them into test tires which are 
put through severe punishment on 
special machinery and high speed test 
tracks. In addition, the tires are run 
thousands of miles over regular road 
surfaces, from turnpikes to city streets. 
The test tires are analyzed to measure 
such factors as the fibers’ resistance to 
heat and fatigue. 


The fibers fall under three 
general classifications — _ polyester, 
polyvinyl and polyamide. So far all 
of the fibers show great promise. 


Research in 


new 


Fibers, woven into fabrics, are used 
in the construction of — the 
very backbone of tires. Just how much 
a tire can take in the way o 


casings 


extent upon its casing. 


Tires of The Future 


y of shock, 
stress, and heat generated by flexing 
and high speed depends to a large 


The natural and synthetic rubbers, 
too, are important in the life and per 
formance of a tire. But so integral 
are the parts of a tire that no one 
component can advance unless the 
others accompany it. 

Fibers and fabrics now in use in 
the rubber industry are quite ade 
quate for today’s tires. In seeking new 


ones, Dr. Dinsmore said, “we are pre 


paring for the day when higher speeds 


and horsepower could make current 
tires fibers as obsolete as the carriage 
wheel.” 

In the polyester group, Goodyear is 
studying Vycron, Terylene and Da 
cron. The company last year opened a 
new polyester plant at Point Pleasant, 
W. Va., which has an annual capacity 
of 10 million pounds of vitel, the resin 


used by Beaunit Mills, Inc., in mak 
ing Vycron fiber. 
Terylene is a product of Imperial 


Chemical Industries, Ltd., and Dacron 
is made by E. 
& Co., Inc. 
The major advantage of the poly 
ester fibers is a uniformity and dimen- 
sional stability that would enhance 
the smooth-running properties of tires. 


The fourth fiber in the research 
program is Vinal, a polyvinyl devel- 
oped in Japan and now licensed ex- 
clusively for the Air Reduction Chem- 
ical Co. Vinal has excellent resistance 
to separations from heat and speed 


and shows particularly good adhesive 


properties. 
HT-1, which belongs to the poly 
amide family with nylon, 


duPont. It is the fiber with the melt- 
ing point of 600 degrees F. 


I. duPont de Nemours | 


is made by 
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‘This heat-resistant factor will be 
of tremendous importance to the tire 
industry once we harness it into ap 
plication,” Dinsmore said. “We have 
made encouraging progress in this di 
rection.” 

In any use of new fabrics for tire 
building, adhesion is one of the prime 
considerations. 


Before any new fabric may be used, 
an adhesive must be developed with 


which it can bond. Then comes the 
second step making the adhesive 
layer the other side’ with 
the rubber in the tire. 


bond ‘on 


Each change necessitates other 
changes that may extend even into 
the tread design of the tire. 

“With each of the new fibers,” Dr. 
Dinsmore 


have found 


many promising leads toward solu 


added, “we 


tion of the adhesion problem.” 


Synthetic Talc Prepared In Bulk 


> Macnesium siLicate, familiar to 
the layman as the natural minerals 
talc and asbestos, is now being made 
by a purely synthetic process. 

This process, dev eloped by the 
\.1.C. Chemical Company and now 
being used at their plant in Butler, 
N. J., is reported to be the only one 
of its kind in the United States, ac 
cording to the industrial magazine 
Chemical Processing. 

Magnesium chloride solution is pre 
pared magnesium hydroxide 
and hydrochloric acid and is then 
mixed with a solution of sodium sili 
cate in sodium hydroxide solution. 
Magnesium silicate is formed as an 
insoluble precipitate which is filtered 


from 


out, washed several times, and dried. 

The synthetic material is at present 
more expensive than its natural coun 
terpart, however, it does have certain 
advantages over the natural mineral. 
These are its very high, yet selective, 
absorbtive powers, and its strong af 
finity for polar and acidic compounds, 
which make the compound especially 
suitable for purification and other 
separation processes. 


The product is a voluminous white 
powder, similar to baby’s talcum 
powder (without the perfume of 
course). It is chemically inert, that 
is it will not react with most other 
chemicals, and it is insoluble in water 
and most other solvents. 


USSR Develops Strong Glass 


> Russian workers at the experi 


mental department of the 


ractory 
Avtosteklo (Autoglass) have develop 
ed a strong new material, glassporce 
lain. It is made from glass by a special 
reat This 


treatment. material is in 
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witha 


tended for manufacturing insulators, 


window sills, stair steps, floor tiles, 


and pipes. 

The glassporcelain has very high 
bending strength, and is resistant to 
temperatures up to 572 degrees F. 


wn 
“1 





New Vinyl Resists Heat 


> A xew vinye plastic that can with The new material, a polyvinyl di- | 
stand temperatures 60 degrees higher chloride called hitemp Geon, retains 
than conventional vinyls, and can be all the qualities of strength, light 
used in household hot-water plumbing weight, impact resistance, non-flam. 
and even industrial hot-acid piping, mability and corrosion resistance that 
was recently demonstrated by B. F. have made vinyl the second-largest 
Goodrich Chemical Company. selling plastic in the world. 


ee 


s ~ 
, MB te 2 


> Weicntep sample strips of various plastics are subjected to 180-degree water 
to test their heat resistance. Strips one, two and three, from right to left, are 
conventional vinyl, high-density polyethylene and polyamide, respectively. | 
B. F. Goodrich Chemical Company's new hi-temp Geon, farthest to the left, | 
is meeting this heat test without the slightest sag. 
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The addition of high heat resis 
tance, never betore achieved in a vinyl 
material, opens new horizons for 
vinyl. Among other things, the hi 
temp factor means that, for the first 
time, vinyl can take over functions 
in the building, chemical processing, 

industries that pre 


viously were the exclusive domain ot 


and automotive 


metals. 


Hi-temp Geon is now in pilot-plant 
production and will be available in 
limited quantities until commercial 
production facilities 


are completed 


next year. 

Hi-ttemp Geon’s light weight and 
ease of installation, coupled with the 
new heat resistance, makes it suitable 
for use in pretabricated kitchen and 
bathroom piping facilities that 
easily transportable. 


are 


Based on the potential of the mat 
ket now going to copper and galvan 
ized pipe, the market for pipe made 
of this new material could reach many 


millions of pounds in a relatively 
short time. Domestic industry-wide 
sales of conventional vinyl resins in 


1960 are estimated at a record 880 


million pounds. 
In view of the initial price of this 
new material, it is expected that the 


> MAan’s WATER supply problem on 
the moon might be solved by a pro 
cess of extracting water from volcanic 
rock, according to a research geolo 
gist from the Aero-Space Laboratories 
of North American Aviation’s Missile 
Division, Downey, California. 


This process, Now being tested at 
| the Aero-Space Laboratories, is_ still 


} in its early stages and presumes the 


| 
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price of pipe made from hi-temp Geon 
will be no more than or slightly less 
than that of copper pipe. In the plas 
tics industry, a price reduction is gen 
erally made once commercial produc 
ution gets under way. 


Hi-temp Geon is compounded to 
withstand operating temperatures 
trom 180 degrees F to 200 degrees F, 
along with pressures up to 150 pounds 
per inch. Normal 
pressure is 50 to 60 psi. 


square household 

One-sixth the weight of copper, hi 
temp Geon makes possible prefabri 
cated plumbing walls which may be 
trucked to job sites easily and swung 
into position by light cranes. A two 
story installation is already function 
ing the National 
Home Builders’ research house at East 
Lansing, Mich. 


in Association of 


Hi-ttemp Geon can be molded, ex 
truded and heat-formed on standard 
plastic processing equipment. 

B. F. 


supplies only the resin materials and 


Goodrich Chemical Company 


technology for the new process. The 
company does not manufacture pipe 
or any other finished products, but 
it is working with several leading 
pipe manutacturers to bring this in 
novation to the market. 


Lunar Water Supply 


lunar rock, re 
ported Dr. Jack Green, who heads the 
experiment. 


existence of volcanic 


In this there would be a 


possibility 


event, 
y of finding pitchstone or 
other hydrous rocks on the lunar sur 
One rock, 
pitchstone often contains 5% water by 


face. variety of volcanic 


weight, or the equivalent of one gal 
lon per cubic foot. 











The objective of the program is to The lens is mounted above the 
measure the efficiency of recovering crushed rock in a manner similar to 
water from hydrous rocks though that used in starting a fire with af 
the use of solar energy. Dr. Green magnifying glass. The sun’s rays are 
said that if this process is effective on focused on the rock through the lens, | 
earth it would be even more efficient causing the water in the rock to va 
on the moon because of the greater porize. The steam is then condensed | 


solar energy there. in the cold trap and collected. 
Dr. Green pointed out that the Dr. Green said the Fresnel lens is | 


method of extracting the water is ideal for this type operation. It weighs 
comparatively simple. The necessary only three ounces, has a 14-inch focal 
ingredients are crushed pitchstone, a length, is about 14 inches in diameter, | 


Fresnel lens, an enclosed metal con- and can generate a temperature of 
tainer for the rock and a cold trap 2000 degrees Fahrenheit at its three 
arrangement. eights of an inch focal point. Due to 
For the experiment, the pitchstone, — '*S plastic composition, the lens is ex: 
varying in grains ranging from one- tremely portable, unbreakable, easily 
sixteenth of one millimeter in diame- packaged and would lend itself well 
ter to one millimeter in diameter, is ‘© 4 survival kit type operation. 
placed in a container in which a va- In addition to being suitable for 


cuum is drawn. It is preheated to 212.) human and agricultural use, the water 
degrees Fahrenheit, the maximum extracted from the pitchstone con- 
lunar temperature, to simulate the en- — ceivably could be decomposed by solar 
vironment of the moon. The water energy, yielding hydrogen and OXY- 
in the pitchstone is extracted at temp- gen. These elements outa be used 
eratures in excess of 230 degrees. for fuel for a return trip to earth. 


On the Back Cover 


> Our Back Cover shows Robert Miller, Boeing flight test engineer, with the 
realistic imitation ice formations, simulating the effect of severe icing condt-| 
tions on airfoil leading edges, which have enabled Boeing Transport Division | 
engineers at Seattle to furnish proof that the 707 jetliner can operate in safety | 
with one-third of its tail de-icing equipment inoperative. 

The melt-proof ice is in the form of fiberglass-covered styrofoam slippers. 
They fit snugly over de-icing equipment on the leading edges of the 707’s 
vertical fin and left horizontal stabilizer to duplicate the formation of heavy 
rime ice. The slippers were designed after study of photos of icing on air- 
plane leading edges. 

Flight tested over a full range of operating conditions, including low to 
high speeds, takeoff and landing, the ‘ice’ slippers were found to slightly in- 
crease drag but did not interfere with control, maneuverability or safe opera- 
tion. Also, they eliminated the problem of finding suitable natural icing test 
conditions aloft. Test results were given to Federal Aviation Agency official: 
for approval. 
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707’s | 


Mossbauer Effect Investigated 


> Low ENERGY gamma rays given ofl 
by the exploding atoms of certain 


radioactive elements hold the 
liscovering many the 


key to 
ot remaining 


secrets of atoms. 


They also provide the most precise 
clock yet available, that 
might keep time accurately within at 
hundredth of a tick in a mil 
lion million. 


nuclear one 


least 


Scientists know this new discovery 
as the “Mossbauer effect,” after the 
Prof. R. L. Moss 
at California Institute of 


physicist, 
now 


German 
bauer, 
Technology. 

With a device using this effect, two 
Harvard University physicists recent 
ly made a conclusive test of Einstein’s 
general theory relativity. They 
found that the principle of equiva- 
lence is true tor electromagnetic waves 
such as radio and light. 


of 


According to the principle of equiv- 
there is no detectable differ 
ence between the force of gravity and 


alence, 
the force produced by acceleration 
in the absence of a gravitational field. 


To confirm this gravitational red 
shift, the Harvard scientists, Prof. 
Robert V. Pound and Glen A. Rebka, 
Jr., measured the change in frequency 
of gamma rays given off by iron-57 
as the radioactive source was moved 
up and down a 


Now three 
\lamos Scientific 


70-foot column. 


at the Los 
Laboratory in New 
they have found 
material, zinc-67, that appears 
to exhibit the “Mossbauer effect” at 


t level some three times that of iron 


> 


scientists 


Mexico report an 


other 
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The gamma ray radiation involved 
the effect fre 
quency that is very much more stable 
than that now available from the best 


in ~ Mossbauer has a 


atomic clocks. The electromagnetic 
waves involved have frequencies of 
some million million million cycles 


per second, so ordinary radio methods 
for observing their frequency stability 
do not work. 


However, Prot. Mossbauer discov 
ered that he could use an absorber 
that was similar to the radioactive 


source to detect the frequency change. 
Prior to the discovery of the Moss 
bauer effect, scientists thought the 
best way to check the gravitational 
red shift predicted by Einstein’s gen- 
eral theory of relativity would be to 
put an atomic clock in an earth satel 
lite. 
The 
ered only recently because certain sec 
a effects made it quite difficult 
the nuclear resonance in 


Mossbauer effect was discov 


o observe 
aan 


The Los Alamos scientists who re 
ported the gamma ray resonance of 
zinc-67 are Drs. D. Nagle, P. P. 
Craig and W. Keller. 

Now that one important relativity 
question is settled, scientists are test 
ing for other experiments that capi 
talize on this very precisely defined 
electromagnetic frequency. 

The Mossbauer effect has provided 
them with a powerful tool for the ex 
ploration of many of the remaining 
secrets of atomic physics, according to 
Dr. Winston E. Kock of Bendix Cor 
poration’s research laboratories in De 
troit. 














































> In one oF the giant atomic reactors 
at Savannah River, S. C., about 12 
kilograms of plutonium, fission bomb 
element, is being bombarded with 
neutrons. 

Two or three years hence chemists 
will extract the world’s largest quan- 
tity of the extremely 
chemical elemerit 
ber 98, 

This will be a major step toward 
understanding and possibly using the 
heaviest known elements that can be 


rare man-made 
californium, num 
a matter of only a milligram. 


converted in a step by step process 
of successive transmutation into heay 
ier elements. 

This promises also to lead to the 
creation of still-undiscovered element 
103 and still heavier elements. 


Dr. Glenn T. 
discoverer of many of 


Seaborg, Nobelist, 
the transuran 
ium elements of the atomic age, who 
chancellor of the University 
of California, Berkeley, described the 
new long-range national program to 
produce research quantities of syn- 
thetic elements 97, 98 and 99 in re- 
ceiving the Dickinson College 1960 
Priestley Memorial Award. 


is now 


Dr. Seaborg proposed at the same 
time that the new program be ex- 
panded into an international effort at 
the U. N.’s International Atomic En- 
Agency in Vienna, with scien- 
other nations, including 
participating. 

About 100 curium, 
ment 96, will be produced by 1963 in 
the first step, along with other he: avy 
elements. 


ergy ¢ 
tusts from 
Russia, 


grams of ele- 


By that time, the University ot 
California is expected to have a high 


$() 








Curium in Preparation 


flux neutron reactor, part of the cur 
rent proposed program of the Atomic 

Energy The 
much more than ever produced be 
fore, will be subjected to the extreme 


Commission. 
ly high concentration of neutrons 7 


Cc urium, 


will be cre: oe in the new reactor. 
the end two or three more years 
further saci will have ¢ 
curred, and there will be extracted 
about a milligram of californium. 

A milligram of californium will be 
many times more than scientists have ; 
ever been able to assemble. 

Part of it will be for ex 
ample, as a target material in atom 
smashers like the Berkeley HILAC, 
in which Dr. Albert Ghiorso, of the 
Lawrence Radiation Laboratory, 
would attempt to create element 103. 


used, 


Out of the discovery of such new 
elements and chemical and _ other 
studies of the properties of the ex- 
tremely heavy nuclei will come re 
finements of knowledge of the heavy 
atomic nuclei the value of which can- 
not be calculated. 

In proposing that the program be 
made international, Dr. Seaborg said: 
“The program meets all the criteria 
for international development. There 
is nothing more basic or more inter- 
national than the chemical elements. 
They are the elementary stuff of the 
universe. These heavy ones have no 
military value. Making the heavy 
ones is extremely expensive. If we can 
include scientists from other countries 
in the program, and provide them 
with some of the materials we will 
make a valuable contribution to the 
expansion of human knowledge and 
international understanding.” 
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Solid Fuel Engines Segmented 


> Present technology makes it possi 
ble to design a solid propellant boost- 
er roc ket motor many times more 


yowerful than the motors now being 


used our nation’s intercontinental 
ballistic missile programs, according 
to Mr. Bryce Wilhite, Technical Di 


rector for Thiokol Chemical Corpora 
tion’s Rocket Operations Center, Og 
den, Utah. This huge booster could 
play an important part in this coun 
try's space program and be available 
within two to three years’ time. 


Mr. Wilhite outlined different tech 
niques that could be used to produce 
a large solid propellant booster with 
sufcient thrust to lift heavy payloads 
into orbit or to the moon. 
methods include segmented 
casting and on-site loading. 


These 
engine 


It has been reported that the lim- 
itations imposed on the size and per- 
formance of rocket engines are 
ciated with problems of logistics. 
These include building the large 
metal parts, constructing required pro- 
and launching facilities and, 
perhaps most important, transporting 
large engines from construction plants 
to launch already inade 
quate road systems. Mr. Wilhite ex- 
plained these limitations were largely 
academic. 


aSSO- 


cessing 


sites over 


The segmented engine cast 
ing method, for example, was proven 
feasible during work accomplished by 
Thiokol in 1952 on the Loki missile 
propulsion system designed 
a by Jet Propulsion I 


and de 
zaborator 

. The Loki engine was built in two 
anna a cylindrical portion and a 
head-end. These parts were then as- 
sembled by fitting the cylindrical por 
tion over the head-end segment. Stud- 
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ies conducted in 1956 proved that 
several cylindrical segments could just 
is easily be used build larger en 
gines. 

One method was used to prove that 


several cylindrical sections, using “OU” 





(70 


slice 
inches) of a large solid fuel motor. It 


> SHOWN ABOVE is a huge 


was cast at the Redstone Division, 
Thiokol Chemical Corporation, 
Huntsville, Alabama, where studies 
in segmented casting have proved the 
technique feasible for building larger 
motors. In the segmented casting 
technique motors are cast in several 
separate sections which are later join- 
ed together to form the complete mo- 
tor. Due to problems associated with 
handling each segment as a separate 
engine and the insulation and pro- 
tecting of joint surfaces, on-site load- 
ing is recommended as a more feas- 
ible method for building the multi 
million lb. thrust motors currently 


being proposed for space application. 


4] 


























shaped expansion joint seals, could be 


successfully attached to build one 
large engine. 

A second method was used to dem 
onstrate that an engine case could be 
segments and loaded 


as a single engine. 


assembled from 


Both of 
ducted at 


con 
Redstone Divi 
In fact, 

approximately six 
feet in diameter was successfully cast 


these programs were 
Thiokol’s 
sion. Both were successful. 
engine measuring 
in a segmented case. 

The problems associated with hand 


transmission 
microscope and motion picture tech 
niques, research workers at the Uni- 
versity of Cambridge are now able to 
watch what actually happens to metal 
foils when they are strained to break 
ing point. Dr. P. B. Hirsch and Prof. 
A. H. Cottrell, both of Cambridge, 
have found that structures “virtually 
down to the atomic scale can be seen 


> UsiING AN ELECTRON 


for the first time.” 


They hope the method will enable 





> New 
foreseen as the possible offspring of 
into the effects of 
high pressures and temperatures on 
materials. 


AND ExoTIc reactor fuels are 


further research 


Battelle Memorial 
Institute, Columbus, Ohio, told an 
American Institute of Chemical En- 
gineers meeting that the application of 
ultra high pressures should become 
an important tool in promoting 
changes and reactions in materials. 


M. Schwartz, 


4) 





Foil Strains Seen 


Exotic A-Fuels 





















ling each segment as a separate en 
gine, and insulating and _ protecting 
the joint surfaces seemed to indicate 
that loading would be 
favorable. 


on-site more 


The on-site loading technique re 
quires the loading, curing and assem 
bly of the solid propellant engine at 
the launching site, or close enough to | 
the site so that the prob lem of trans 
portation is not too important. The 
propellant for the engine would be 
mixed at a nearby processing plant 
or by a portable continuous mixer. 








on Atomic Scale 





scientists to understand 
how the engineering 
solids result from 





thoroughly 
properties of 


atomic structures. 


The new technique has been used, 
for example, to watch what happens 
when a pure metal is suddenly cooled 
from high temperatures, to find out 
how nuclear radiation damages metal- 
lic crystal structures, and to follow 
the arrangements and dislocations that 
occur when a metal foil is gradually 
strained to its breaking point. 





from Pressure 


The resulting materials often would 
have unusual qualities. Many could 
be expected to have higher densities, 
and hardnesses. 


As the pressure and temperature 
capabilities of the research equipment 
is improved, “there is little doubt that 
new materials having unique proper- 
will be synthesized,” Mr. 
Schwartz said. The outlook is equal- 
ly promising in the fields of organic 
and inorganic chemistry. 
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rotecting 
indicate 


} > Th 
be more 


of titanium-0.2% palladium alloy has 
been confirmed by recent tests in re 


EXCELLENT Corrosion resistance 


que re} ducing-type environments at a nu 
> | 2 
d assem} clear research laboratory and in the 
) plant of a chlorine chemical producer. 
nough t 


ngine at 


While experiments in many corro 


of trans . 
one sive media were conducted as the al 
ant. The} | . 7s 
loy was being developed by Union 
vould be : f 


é Carbide Metals Company, Division 
ng plant eer ‘ 

5. } of Union Carbide Corp., the recent 
mixer. te 
tests were of longer duration. They 
were conducted at Argonne National 
Laboratory, operated by the Univer 
sity of Chicago for the Atomic Energy 
Commission, and at Columbia-South 
ern Chemical Corp., Barberton, Ohio. 


le 


oroughly 
erties of 

\t Argonne, samples of commercial 
titanium and titanium-0.2°$ 


"uctures, 


— é palladium 


happens 


alloy were suspended in boiling 5 per 


ily cooled 
find out 
res metal- 
10 follow 
tions that 
gradually 
It. 


‘en would 
iny could 
densities, 


nperature 
quipment 
loubt that 
le proper- 
Mr. 


is equal- 


ed, 


| 


ot organic} 
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> Specimens are shown after being tested in 73 


Ti-Pd Alloy Resists Corrosion 


acid. The commercial 
titanium was removed after 85 hours 
because of but 
tests on titanium-palladium continued 
for 170 days and showed a very low 
corrosion rate. In addition, the corro 


cent sulfuric 


excessive corrosion, 


sion rate did not increase with time. 
The alloy has proved to be virtually 
tree trom corrosion tor as long as the 
scientists have been willing to run the 
tests. 


In the tests under operating condi 
tions at Columbia-Southern, — speci- 
mens of both metals were placed in 
a stream of boiling, non-aerated 73 
percent calcium chloride for 84 days. 
Titanium-0.2% palladium samples 
were unaffected, while the unalloyed 
titanium was badly pitted and pertor 
ated. 





if 


é boiling calcium chloride solu- 
| tion. The right hand specimen is of unalloyed titanium while the left hand 
is of titanium-0.2% palladium alloy. 
| 








> First rHuey found it and didn’t 
want it. Then they wanted it and 
couldn’t find Now they’ve found 
a way to find it — and a big search 


is beginning. 

That's the mixed-up history of be- 
ryllium, an essential metal used in 
space vehicles, missiles, atomic reac- 
automatic computers and X-ray 
tubes. 


tors, 


Discovered 132 years ago, beryllium 
remained a laboratory curiosity for al- 
most a century before science found 
it useful as an alloy for copper in elec 
trical switches. 

Then came the nuclear and space 
age. Suddenly there 
—— to go around (current price 

s $7 1.50 a pound a 


wasn't enough 


But it was tough to locate and iden 
tify beryllium, which never occurs in 
a pure state. It’s hidden in minerals 
that make it dificult, at best, 
tify with the naked eye. 


to iden- 


Berylometer 

Now there’s a practical instrument, 
made in Canada, for beryllium pros 
pecting. Its introduction makes it pos- 
sible for the first time to do a prac- 
tical and intelligent job of prospect- 
ing for the mineral, and a number of 
leading companies in the mineral field 
are already setting 
plans. 

One company, International Min 
erals & Chemical Corporation, is al 
ready prospecting in the field with 

the first 20 instruments sold 
throughout the world. Called a beryl- 
ometer, the instrument is built around 
a unique characteristic of beryllium. 


up exploration 


one ol 


44 


geiger counter in 










































Beryllium: Space—Age Metal — 


‘The works like a 
reverse,’ says Dr, 
F. C. Kruger, IMC’s director of min. 


ing and exploration. 


berylometer 


“A radio-active source — Antimony 
124 — bombards a sample. If beryl. 
lium is present, the mineral throws 
back neutrons. 


‘The berylometer counts the neu- 
trons, which are thrown back in di- 
rect proportion to the amount of beryl- 
lium in the sample.” 


Right now International's explora- 
tion crew is hunting for beryllium in 
Chicago libraries — libraries of min- 
eral samples. 

They're examining mineral collec- 
tions at Northwestern University, the 
University of Chicago, and the Muse- 
um of Natural History. The 
headed by veteran uranium geologist 
Dr. Jack Silman, has alre: idy surveyed 
IMC’s library of samples trom all 
over the world at the company’s re- 
search station at Mulberry, Florida, 
where the lead-shielded berylometer 
was mounted in a station wagon for 
held prospecting. 


crew, 


The crew also prospected in North 
Carolina. 

Next stop is the company’s proper- 
ty in South Dakota, where beryllium 
is known to be located. The question 
here, Dr. Silman whether 
there’s enough to be economically 
mined, milled and processed. 

Where the hunt will lead the crew 
and their special station wagon after 
that, is saying. 

It’s unlikely that beryllium hunting 
will become a weekend sport like 
uranium prospecting says Dr. 


says, 1S 


no one 


was, 
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Kruger. It's a much more compli 
cated job. First, the prospector has to 
be licensed to handle radio-active ma- 
terial. Furthermore the berylometer 
costs about $2,500, considerably more 
expensive than a geiger counter ($30 
to $1,000), and must be transported 
in a lead vault in a car. The berylo 
meter does not lend itself to inexpert 
or casual handling. During prospect 
ing the berylometer is secured in the 
middle of a 10 foot litter carried by 
the two operators so they aren't 
posed to the radioactivity at 
range for extended periods. 


Finally the berylometer won't al- 
low the prospectors to find beryllium 
ore hidden far beneath the surface, 
Dr. Kruger adds. The prospectors 
must be able to spot likely looking 
formations because the berylometer 
won't penetrate more than a 
inches of covering material. 


ex 


close 


few 


“Wonder Metal” 


While beryllium is 
some rare 


hard to 
and desirable characteris 
to make the searching 
It’s lighter than alumi 
num, has a melting point of 2,243° F 
(more than twice that of magnesium), 
is stiffer than any other material, ab 
sorbs a high degree of heat without 
losing its strength, and is harder than 


find, 


tics promise 


worthwhile. 


steel. 


Present plans call for a heat shield 


f be ryllium to be used in the space 


none of the Mercury Project satel 
lite 
to carry 


system. The capsule is designed 
a man into space 
Beryllium will protect the astronaut 
against the extreme changes in temp 
erature. 
Weight is 
fight. 


an important factor in 
And beryllium is less than halt 
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and _ back. 


the weight of titanium, 70 per cent 
of the weight of aluminum. 
A missile guidance system using 


beryllium to cut weight was pionee red 
by an Eastern college professor a few 
years Now 
tems have hundreds of beryllium gear 
trains, 


ago. missile guidance sys 


housings and other finely ma 
chined parts. 


Strong Alloys 

North American ee has been 
granted a patent for an aluminum al 
loy containing otiien that can be 
cast to the higher strengths necessary 
for advanced missile and aircraft com 
ponents. This new alloy 
most of the aluminum 
liquid rocket engines. 


is used for 
castings 1n 


Beryllium is used extensively to 
harden other metals. Nickel, with the 
addition of 1.8 per cent of beryllium, 
can be heat-treated tensile 
strength as high as 260,000 pounds 
per square inch. 


to a 


Automotive pistons, high-pressure 
valves, hoist bodies, jack hammer cy] 
inders, high-speed impellers, spark 
plugs, electrical porcelain com 
pressor bodies are 


ically produced 


and 
also being econom 
in this material. 

It is used in 
flect neutrons. 


atomic reactors to re 


Computer memory disks are being 
made of beryllium. its 
rigidity these disks don’t w arp out of 
shape as they 10,000 r.p.m. 
And it doesn’t take much energy to 
start or stop these disks because of 
the lightness of the wonder metal. 


Because of 


spin at 


Beryllium people think that avia 
tion’s heat barrier can be rolled back 
by using beryllium for aircraft con 
trol surfaces and the leading edges of 


wings. Air friction at several times the 
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speed of sound becomes high enough 
to melt metal. 


Beryllium has a melting point six 
times higher than old magnesium and 
aluminum alloys, which melted at 
300° to 400° F. and the wonder metal 
gives the same rigidity as stainless 
steel at one-sixth the weight. 


Still Expensive 

But cost is still a big factor. Using 
beryllium for the honeycomb (struc- 
tural re-enforcing) material in the 
proposed B-70 bomber would save 
20,000 pounds in weight, compared 
with stainless steel structural re-en- 
forcing. 


This would mean greater range and 
speed, but it would also cost $1,000 
per square foot as compared to $250 
to $300 for stainless steel. 


Beryllium consumption in the U. S. 
was about 800,000 pounds last year. 
World production in the last three 
years has averaged about | million 
pounds annually. 


Only 350 tons of ore — represent 
ing about 35,000 pounds of beryllium 
— was produced domestically last 
year. Most of this ore came from 
South Dakota and Colorado, although 
beryllium is found in small quantities 
in 12 states. 


Domestic price of the ore is $500 
a ton when sold for incentive prices 
to General Services Administration, 
which stockpiles the ore. 

This premium price program to 
stumulate domestic exploration ex 
pires in 1962 or when 4,500 tons are 
purchased. 


However, this incentive program 
has not been enough to stir much in- 
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terest because, in part, many ol the 
beryllium ores had been so hard 
find before the invention of the beryl | 
ometer. 


Another discouraging feature is thai 
all beryllium ore has to be hand 
sorted. 


Most Imported 


To meet its needs, the U. S. im 
ports beryllium ore from !2 countries. 
The majority comes from Brazil, Ar 
gentina and Mozambique. Because of 
the cheap labor available for hand 
sorting, beryllium ore costs about $300 } 
a ton at foreign ports. 


In addition to production problems, 
there are some others, too. Although 
Massachusetts Institute of Technology 
has solved some of the fabrication 
problems, there are some left. The 
Air Force is sponsoring research in 
this field. 


And, too, no one has fully explored 
all the properties of beryllium, its al 
loys and compounds to determine ex- 
actly what it can do and what it can- 
not. 


Even if all these problems are 
solved, no one expects beryllium to 
replace aluminum, copper or mag: 
nesium. 


But beryllium has firmly estab- 
lished itself as the wonder metal of 
the space age. 


The outlook is for increased de- 
mand, according to the Department 
of Interior's Bureau of Mines, as the 
conquest of space by the free world 
becomes increasingly important to 
man’s survival. 


Survival and economics have trig 
gered the big beryllium hunt. 
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Pawk Canlaon 


AND CAaAn- 


Edsal, 


Aciwws, PRoTEINs 
ceR BioCHEMISTRY John 
Ed., preface by Sidney W. Fox and 
Julius Schultz Academic, 244 p., 
illus. $7. Papers presented at the 
Greenstein Memorial Sym 
posium, with biographical article and 
bibliography. 
CHEMICAL 


AMINO 


Jesse P. 


INSTRUMENTATION: A 
Approach to Instrumental 
\nalysis — Howard A. Strobel — 
{ddison-Wesley, illus., $9.75 
Text for course in instrumental analy 
the advanced 
graduate level. 
ADVANCES IN FLUORINE CHEMISTRY, 
Vol. I M. Stacey, J. C. Tatlow and 
A. G. Sharpe, Eds. — 203 
p., illus., $8. Reports on research done 
with halogen transition 
metal fluorides, fluoroboric acids and 
high-valency metallic fluorides. 


Systematic 
653 p- 
sis on undergraduate 
Academic, 


fluorides, 


QUANTITATIVE PapPpER CHROMATO 
GRAPHY OF StTERo1iws — D. Abelson 
and R. V. Brooks, Eds. — Cambridge 
Univ. Press, 103 p., illus., $6. Memoir 


No. 8 of the Society for Endocrinolo- 
gy, proceedings of conference held 
London in 1958. 
Borate Gtiasses — L. 
transl. 


Ya. Mazalev, 
from Russian — Consultants 

159 p., illus., $10. Based on 
the results of investigating silicate and 


Bureau, 


discusses thermochem 
ical processes in glass formation, crys- 
talloptics and physiochemical proper 


ules. 


borate glasses, 


PrincipLces oF OpticaL CrysTALLo 
GRAPHY A. V. Shubnikov, transl. 
trom Russian Consultants Bureau, 
186 p., illus., $9.60. Parallels the 


course on optical crystallography giv- 
en at Moscow State University. 
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ELEMENTs OF GENERAL CHEMISTRY 


Jay A. Young — Prentice-Hall, 
466 p., illus., $6.95. One-semester ele 


mentary and practical introduction to 
chemistry, serving both as foundation 
or terminal course. 
StyLe Guimwe For (¢ 
Louis F. and Mary Fieser Rein- 
hold, \16 p., $2.95. Principles of usage, 
written by camels for chemists. 
INTRODUCTION TO 
ISTRY F. E. 
Meislich — 
84] p-5 


,HEMISTS — 


CHEM 
Condon and Herbert 
Holt, Rinehart & Wins 
$10.50. Text 
mester course, introduces concepts 
gradually and logically within a 
framework of experimental fact. 
Part A and 
Ajzenberg-Selove, Ed. 
Academic, 621 p. and 526 p., illus., 
$16 each. Volume 9a and 9b of Pure 
and Applied Physics. For the use of 
graduate students 


ORGANI 


ton, for two-se 


NUCLEAR SPECTROSCOPY, 
Part B — Fay 


preparing for ex 
perimental research in nuclear spec 
troscopy and for specialists who wish 
to acquire broader understanding of 
the field. 

MopERN 


ASPECTS O| INORGANI 


Cuemistry — H. J. Emeleus and J. 
S. Anderson — Van Nostrand, 3rd 
rev. ed., 611 p., illus., $7.75. Revised 


to include the most important devel- 
opments in inorganic chemistry. 

Cuemicat Propuctiviry — R. T. 
on — Reinhold, 330 p., illus., 
$11.75. This textbook attempts to em 
iaaias the fundamental unity of in 
chemistry. 

Tue Story oF CHEMISTRY Georg 
Lockemann — Philosophical Lib., 277 
p., $4.75. German chemist reviews the 
history of chemistry from antiquity to 
the twentieth century. 


organic 








Chemistry Canine ts 


Interesting facts in the chemical world. 


> Acetylsalicylic acid, or aspirin, may 
be the most widely used drug in the 
world; the U. S. uses more than 9,- 
(00,000 pounds a year. 


> A new jet-flame torch that burns a 
kerosene-oxygen mixture can shape 
granite by causing the crystals to split 
along natural cleavage lines. 


> Honey is primarily a sugar solution 
. . . ¥ - 5 y 

or syrup consisting of about 80% to 

85% sugar and 15% to 18.6% moisture. 


> Ordinary sea winds may carry 10 
to 100 pounds of salt per cubic mile 
of air, while storm winds carry 1,000 
pounds or more. 


> Acetylsalicylic acid, the chemical 
name for modern synthetic aspirin, 
was first used in medical practice in 
1899 to treat rheumatic diseases. 


> In 1958, scientists’ median salaries 
ranged from over $10,000 for chem- 
ical engineers and medical scientists 
to $7,000 for biologists and agricul- 
tural scientists. 


> Chromite is the principal ore for 
the production of ferrochromium, an 
alloying additive in steel and the pro- 
duction of pigments and chemicals. 


> The av erage U. S. scientist, in 1958, 
was 38 years old and had an annual 
salary of $7,900. 


> A new synthetic rubber with high 
flex and heat resistance has a physical 
structure which duplicates the natural 
rubber molecule and can be used both 
as an extender and a replacement for 
the natural product. 
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> The reactor core of the Atomic En 
ergy Commission’s experimental gas. 
cooled reactor at Oak Ridge, Tenn, 
will have 120 graphite columns, each 
measuring 16 inches square and 20 
feet long; total weight is 379,000 
pounds. 


> DDT lost its effectiveness against 
houseflies about 1952 because resistant 
strains had survived and propagated. 


> The problem of cattle trampling 
newly planted pines has largely been 
solved with the development of a 
chemical repellent, copper carbonate. 


> Mineral reserves in the human adult 
amount to some 1,200 grams of cal- 
cium, 1,500 grams of phosphate, with 
carbonate, citrate, magnesium, sodi I 
um, fluoride and traces of other ele 
ments intermixed. 
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> Sulfhydryls (SH) are compounds _ 
that help living cells resist radioactiv 
ity; the simplest sulfhydryl is hydro 
gen sulfide, the gas produced by rot 
ting eggs. 


> Natural dyes, such as indigo, which 1 
is derived from a plant, were used 
before 3000 B.C. 


> Liquid helium is a superfluid; if 
placed in a beaker, a film will creep 


up the inside, down the outside and . 
continue to flow until the beaker i: 
empty. 

> The Chinese knew of coal in the 
13th century, according to Mare 
Polo, and it is likely that they had 4 
been mining it for 1,000 years pre 
viously. ‘ 
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